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PWKVXCE 

Sand is oifff (jf tho most almndant .sul)stances in tho world ; its 
present and possible nses are ninllitndinons, and far fpraltT tlian 
is generally realised, for, notwithstanding their nbumlanee and 
usefulness, sflnds have been studie<l to a very limite<i exte«t. 
Like the clays, which are so roni])h'x in structyre that few ehenysts 
care to«tiyly them, and consist of such small particles that geologists 
and mineralogists can only investigate their pro^sTtics with the 
greatest dilliculty, sands have largely been iy'glcct('d by tin? I’ldver- 
sities, and most users of sanils have had neither the facilities nor 
the training to investigate them as fully as is desirabh^ 'I’liis 
neglect, until comparatively recent y<'ars, of the systematii! stndy 
of sands and other detrital sediments is the more unfortunates as 
•many ^f them are of great eommereial importance. It is now being 
increasingly realised that this brane'h of natural seienee jeresents a 
vcry^vide field which, if (hyeloiied, will proven of untold vahu! to 
the many industrtes eonnc'cted with such materials. 

Special mention should, however, be made of Profes.sor 1*. (1, H. 
Boswell’s Memoirs on SandK «uital)k for GI(m-miU:in(j (Longmans, 
Green & Co,), and Refractory Sands for Furnace and Foundry 
Purposes (Taylor & Francis), which an; excellent examples of 
thp valuable work 1% aj/lied science which can be done by an able 
investigator actin^nih'r the auspices of a Government Depart numt 
m connection with a subject of this nature. 

These and numerous papers by other investigators naturally cover 
only certain aspe^cts of the subje<d, and, as there is no book in the 
English language which deals with the subject of sands and crushed 
siliceou; rocks in all its aspects, it has, hitherto, b<‘en im{iossibio for 
May owner of sand to ascertain readily for what purposes his material 
is suitable. Similarly, users of sand and allied i.ffll^jials have not 
been able, without an efeessive amount of labour, to ascertain the 
moat likely sources of material suitable for their requirements, or to 
jConsidei* whether methods of treatment extensively '•“«l other 
industries may be applied with atlvantagc to,sand. 



preface 

The purpose of the present voluifles^is to sinhmarise a^on 
venicnj fgrm such, geolfipcal, chemical, and mineralogical iaforma 
tion on sands as is likely to proYc of value to those engaged in th' 
digging, sale, and many uses of these nTaterials, an(f special attentioi 
has been paid to th(! projMsrties whi<^h ari* res])ective1y ilesirable am 
Jfhrmful in sands used in various industries. Ifis hoped rfhat. In 
this means, fellers may find,.suitable and jmssibly unexpectec 
purelia.sers, and users tnay a,scertain what to look for and what t( 
avoid when^rdering su|)plies of sand. 

As th<! nature of the many .sands cannot be rightly,undefstooc 
unless their,geological origin is appreciated, thii various modes ir 
whiith sands have been formed are described somewhat fuMy. 

^To facilitate the study of any particular prodmd,and t* as.si,sl 
those ri'aders whosi^ interest is conKned to certain chapters, a small 
amount of repet ition has la'cn regarded as permissible, and numerou.'- 
cross-references have been inserted. 

In addition to the information gained in his praidice as a con¬ 
sultant on various .silice^us materials, the author has. for many years, 
rcaul all the leading British and foreign scicntilic and technical papers 
dealing wit h th(^s(^ subjects, and a (smsiderable amount of information 
therein has been included in tlu^ present volume. All the relative 
British patent specilications have been e.xamined, and the leading 
features of those which, in the author's opinion, are of valuh have 
been mentioned. 

The author has also been greatly a.ssisted by infc^rrnation willingly 
contributed by some of his clients, and by that obtained from a 
large number of other sonnies, which he has acknowledged as far as 
opiwrtunity permitted. Since the .subj<'et covers so wide a field, 
and information concerning it is contained in so many publications 
not readily accessible to the readers for whc^i this volume is written, 
it has been considered undesirable to give fulPreferenees, as these; 
would occupy a large amount of s])ace without*serving any pro¬ 
portionately useful purpo.se. 

In collecting the information contained in the following pages, 
the author has had the invaluable assistance of Mr. VV. L. Emmei'son, 
■who has also ri'ad the proofs; Mr. F. Stones has compiled the 
Index. To both the.s(; gentlemen, as wadi as to other menlber^ of 
his staff who temp rendereid a.ssistance in other ways, the author 
is correspondihglv grateful. 

ALFRED B. SEARLE. 

SBCvriiiLU 
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CHAPTER I 

THE ORIGIN AND FORMATION OF SANDS* 

Sand is % term commonly used to indicate a material consisting 
of small grains of silica, in tlic form of (luartz or quartzite, or of 
other minerals of a highly siliceous (character, though some sandS 
(such as tfiose found in mineral ])lacers) may contain very little 
of these constituents. It is also a])i)lied occasionally to other 
materials consisting of small irregular particles and posseiwing an 
appearance somewhat similar to siind. Thus, when tircbricks arc 
reduced to a moderately coarse |)owder the product is sometimes 
known as “ brick-.sand,” and carborundum when similarly rediKSid 
to powder is sold as “ fire-sand.” In this volunus the term “ sand ” 
is used to indicate any loose, iletrital, granular material occurring 
in •accumulations of Various kinds as a result of atmospheric, 
aqueous, ’chemical, volcanic, or organic action, and of any size 
between*O OI mm. and 2 mm. (J OtHH in.-O OH in.) diametiw, but a 
few other substances in the form of granular jiowilers are included, 
as they are commonfy known as " sands.” 

No' precise limits can be stated for the sizi^ of particles of sand, 
and though the ones just mentioned arc usually adopted, there 
must, of necessity, lie some amount of litKwty, as some materials 
known as sands contain particles less than O til mnj., whilst others 
contain particles larger t hap 2 mm. in diameter. 'Phis is particularly 
the case when the terni*sand ” is also applied to the materials 
obtained by cru.shin| sandstones and other rocks or to those 
obtained as by-products.in various indastrial processes. 

The following definitions proposed by Seger are generally 
accepted as a “ standard ”: * 

Silt.—AW grains between 0 01 min. and 0 025 mm. in diameter, 
washed out by a stream of water having a velocity of 0-7 mm. per 
second, 

3ust Sand.—AW grains from 0 025 to 0 04 mm. diameter which 
are washed oat by a stream having a velocity of 1 '5 ram. per second. 

Fine Sand .—^All grains between 0-04 mm. and 0-33 mm. in 
diameter. • 

Coarse Sand.—AW particles with a diameter above 0-33 mm. 
_ bul Ifess than 2 mmf=* 

• The definitioiu given by other inveetigBtcnHfill be found in Chapter V. 

. VOL. I I ® 
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THfi'FORMATION OF SANDS 

* 

liclcs !im»ller tlfcn 0-01 mip. in‘diameter are u8u«il|y tffrmed 
cioy,*wliflst particles larger tl^^,n 2 mm. in diameter are'classified 
as gravel, the latter name being applied to particles up to 10 mm. 
in diameter ; for still larger pieces the terras pebbles or sibnea are 
generally n.sed. • . 

It will be observed that the use of the term sand* is largely 
based on the physical prop^ties, and particularly on the sfze of 
the grains, rather than on th(! chemical composition of the material. 
This distinction is important and should be borne in mind*, as it 
explaini^hy materials of widely different com|)osition and'pilfering 
from each other in many other respects arc all rogjirdM as sands. 


THE FORMATION OF SANDS* 

Sands are jmUluccd by th(! disintegration of various rocks by 
such natural forces as w'ind and water, heat and cold, (rtc. They 
may be dc'rivtsl from almost all kinds of rocks, though they usually 
originate from higljly siliceous ones. As the nature ot a sand 
dejx-nds to a large extent on that of the roeks from which it has 
been formeil, it is inijiortant to consider these briefly. 


IGNEOUS ROOKS FROM WHICH SANDS ARE DERIVI*yi 

Modern geologists are now agreed that all rocks have originally 
been in a molten condition, though jt is improbable that an^- access¬ 
ible portion of the earth now remains in its original condition, 
owing to the ai^tion of the weather and to movements in the earth 
itself. 

Roeks whose nature shows that they have passed through 
a molten state, and have afterwards become solidified, are known 
as igneous rocks; they form the primary material from which 
all sands, clays, shales, and many seco)^ry rocks are produced. 
After being exposed to the weather, and to various chemical and 
mechanical agencies, they are converted itfto secondary or sedi¬ 
mentary rocks, in a manner which is described in greater detail 
later. 

The primary igneous rocks appear to have been thrown out 
from the ulterior of the earth by violent volcanic action, or they 
have been injected (by pressure from below) into cracks and 
fissures in the earth’s crust, and in solidifying have formed ^ykes 
and veins.^aAlthough all igneous rocks are originally the result 
of internal pressure, and so are, in a broad sense, due to voleanie 
action, it is customary to divide them into three groups, the term 
“ volcanic ” being limited to those materials which have been 
thrown'on to the surface of the earth in geologically recent rigfes. 
In this way igneous rocks may be classifiedT^ (i.) Plutonic rocks, 
(ii.) Hypabyssal rocks, >..«,pd (iii.) Volcanic rocks. Each of‘these 
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divisibns iffurther classified lujcorjdiiiS ^ thcfr chciuical c^ragc^ition 
as ghown’in Table I. , * 

Table I.—Clabsipication or Igneous Rocks 


(Jrigin . • 

Plutonlo. 

- — 

fiitniBivp. 

Volranb*. 

Volpunlr. 

‘Xaturc. . 

• 

Holo. 

rryuMlIliw.*. 

HpidI- 

rr>'sUUIIHf. 

SptiS- 


I. Add* . 

• 

(piartx f«-l- 
slte, plv«ii>» 

lUiyDiitf 

Obriidiaii 

2. Hiih-add . 

SyoiiltP 

Mliiettis 

rrnrhyf«'.« 

IlfcImfDtK 

.i; Siib'hiudp. 

|)ii>rit« 

KprsaiitUp 

.Viidi'sKc 


1. Tiftslf 


I»olprH<‘ 

Itasiilt. 

Tjubylltf 

r>. ritrn*bH6ir 

PpridDtlt.p 

ricrite 

l.iitihiiruUi' 

• 

• 

• 





rhit'f Coimtltiit'iitii. 


(iirf iiiu'Hs 

I'lauiorlflsc-n-jKpiirH, 

hiiriiblendc. 

ollvini', imitKi*. ♦ 
Olivine uiid uimlfc 
or horriMeniic. 


PuiToNic Hocks 

Plutonic roc^ks consist largely of aggn-giites of a coarsely 
crystalline character, the distinctive features of eai'h variety 
depending on the jmsloininanec of some one or more particular 
coi^stituents. 

• GranIJIc rocks art' widely distrihiitisl, and form the principal 
moss of the chief mountain ranges, especially those in Northumher- 
land, Ciftnberland, VVivstmorlamJ. Devon, ajid ('t)rnwall. in Mnghind, 
the Grampians in Kaotland, and in Antrim and Wicklow in Ireland. 
They are mixtures of various siliceous minerals (sunented together 
into a hard and compact mass, the ehi<d constituents being felspar, 
quartz, and mica, though leueite, nepheline, free silica in various 
forms, and small ({iiantitics of various other silieati's may also Ik; 
present. 

Felspar is genernll.Vj-the jjrincapal constituent, (|uarlz Ijeing 
next in importance, and mica third. Tlu^ q\iartz often surrounds 
and enck)sea less .stHble and less (Jurable minerals, thus a(ding 
as a protecting agent. As all the most imfwrtant comstituents 
of granite are siliceous, the proportion of silica is very high, Iwing 
usually over 66 and sometimes as much as SO per cent. The 
specific gravity is about 2'65. 

Being the oldest of the acciissible rocks, the granites are usually 
found beneath the others, but in many instances they have b<*en 
thrown upwards by earth movements or uncovered DfKveathcring, 
so that they also form prominent mountains and hills. Granitic 
rocks also form dykes and veins in sedimentary rooks of much later 
formation, or even in other granitic rocks. The material forming 
th^ veins and dykes is often somewhat different mineralogtcally 
from the main graifittc mass from which it is apparently derived, 
and it often contains minerals not found in the latter, such as 
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bery^ ^amel, and ollher preciojis stones. Granite r^ks *may, 
in fact, o*ccur in any formation and may be produced at any time. 

The accessory minerals found ain granite are sometimes in 
sufficient quantity to make them important, and many- types of 
granite arc named after the particulbr accessory mineral which 
predominates. Thus, tourmaline granite contains tousmaline oin 
place of some of the mica, hamiblende granite contains a considerable 
proportion of hornblende. 'J’nese accessory minerals give character¬ 
istic colours to the granite in which they occur, and consequently 
granitic #ocks from different parts of the country vary conSjflerably 
in colour. Thus, granite from Devonshire and (Iprn^all is chiefly 
grey in ec^lour, with a wcll-compacted grain, in which hornblende 
is very noticeable. Nearer Laud’s Rnd, yellow porphyritic granite 
,is found containing large characteristic crystals (ff felspar known 
HiS “ horse's teeth ”; whilst Sbap granite of Westmorland contains 
large red felspar‘crystals, and takes a beautiful polish. Scotch 
granites arc usually bluish grey, and so is much of that in Ireland, 
though red granite is found in Galway and Donegal. 

As granites are rqglly hetcrogtmeous mixtures of certain minerals, 
they have no detinito chemical composition, and in the same hill 
half-a-dozcn varieties may often be found, the differences being 
due to variations in the compositions and the proportions of the 
various felspars and mica present in addition to the quartz and 
accessory minerals. ^ 

Syenites are an intertnediate variety of plutonio rticks, c6n- 
sisting (ihietly of felspar ([link orthocla.s(' with some plagioclase) 
and hoinblende, quartz b(dng present in a much smaller quantity 
and only as an aticessory mineral. They fonm a group of rocks 
of varying <'omposition, and tearing different names according 
to the predominant constituents. Zircon occurs occasionally in 
important amounts. 

Dlorltes are also intermediate rocks, and resemble grey granites 
in outward apjiearance. They consist principally of plagioclase- 
felspar and hornblende, together with .accessory augite. Quartz 
is sometimes present and may be an important constituent in 
acid dioritos. " 

Gabbros are more basic than syenites and diorites, and consist 
of a plagioclase-fels|)ar together with pyroxene minerals, containing 
high percentages of iron, lime, and magnesia, from which they 
derive the name of basic rocks. The particular variety of ferro- 
magnesian mineral present varies in different rocks; accessory 
quartz also may be present. 

Hypabyssal Rocks. 

Hypabyssal rocks are intermediate in structure between plutonic 
and volcanic rocks. Generally they are fine^ained, but the j>%8ic 
varieties are coarser. They are sometimes termed “ trap-rocks,” 
on account of the fact that they usually occur as dykes and i^eous 
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intnfflions’'m other rocks. • They are widely distr^bi^'d, form¬ 
ing, large' ixirtions of the Cheviot, Welsh, and l^'rby^iiiff Slills, 
and occur less extensively in I^icesfcrshire, South lX‘von.shii-e, and 
Cornwall,, the Pentland and Lammermuir range.s in Scotland, and 
the bulk of -the Irish hills • in short, the chief districts occupied 
bj the “ Old Red Sandstone ” and the “ Coal .Measures.'’ 

Theynrc often columnar in form (cf. Giant's Causeway), and 
are undoubtedly of igneous origin, iflit some having b<a'n formed 
at j^-at depths, some under the pre.ssur(' of wate-r, and others 
having^beeri re-fused and passed through more than one eruption, 
their texture •nd character are naturally extremely varied, es|»cially 
as some of them have U'cn cooled morc^ rapidly than othars. 

Trap-rocks may be named, according to the ))redominating 
mineral, .as augitic, felspathic, hornblcmlie, etc., or porjiliyritie 
when they are composed of the isolated crystals .set in a crystidline 
magma. They' are termed " tuffs '’ when soft iwid ixa'ous. Soirte 
soft earthy varieties aixt termed “ wacke.” 

The principal minerals in traji-rocks arc dark in colour (horn¬ 
blende being a black or dark green and augite black or dark brown), 
and their decomposition jjroducts are usually^ dark in colour, and 
are very different from the whitt; or almost white clays and .sands 
obtained from the Cornwall and 'Devon granites. 'I'he colour is 
largely attributed to the presence of ferrous oxide, which partially 
replaces magnesia in hornblende and augite, and contaminates 
the prcKlpcts formed by their disintegration. 

The principal varieties of hypaby.ssal rocks correspond to the 
plutonib rocks and are largely porphyritic in (character. 

Porphyry is a t^p'm given to a larg(' numls’r of rocks consksting 
chiefly of a crystalline ma.ss, in which largcw indiridual crystals 
are clearly \isible, as granite! containing porphyritic crystals of 
felspar, or a felspar containing similar crystals of anotlu-r felsjrar. 
Porphyries are formed when a fu.sed miuss containing more of one 
mineral than is required to form a eutectic is cooled ; the substance 
in excess forms the larger crystals, the magma being the cute'ctic, 
or substance of minimum melting pcjint. The term i)orphyry is 
not by any means <!onfined to fidspathic minerals, though most 
porphyries are felspathic. It was originally ('onfined te) a definite 
red felspar found in Upper Kgypt, but is now used to indicate so 
many minerals that it is betteir to consider it as indicating a 
definite physical structure or texture than sis representing a single 
mineral. 

The principal hypabyssal porphyries are ; 

Quartz-porphyry, fehite, or dvans corresponding ip the granite 
series and •consisting of quartz crystals embedded in a micro¬ 
crystalline mass of orthoclase-felspar. It is sometimes termed 
micro-granite ^n account of its resemblance to granite. Quartz- 
Mrphyries exist chiefly as intrusions or dykes in the overlying beds, 
but the term is also'used in Cornwall for fine-grained granites. 

SyetuU-porphyry consists of fine-grained felspar, forming the 
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ground-m^s«and containing isolated Crystals of biotite*'and liom- 
blcnder . • 

Diorite-porphyry consists of a, fine ground-mass containing 
crystals of plagioclase-felspar, biotito, and hornblende, quartz, also 
being present in some eases, either as lyi accessory' of as a cement. 

Dolerlte is a coarsely crystalline variety of basalt whfeh is eajjy 
decomposed by saline solutions and by the action of the ^eathbr. 

Felstone or Claystone is* composed essentially of amorphous 
felspar, but becotiies felstone-pOrphyry when crystalline mas^s 
of felspar, are found in it. 


Volcanic Rocks 

Volcanic rocks to some extent overlap the previous section, 
but may be taken generally to include recent volcanic accumulations 
aS lavas which, wlien cooled, form various trachytes, basalts, and 
tuffs of all kinds from glaasy obsidian to a soft carthymaterial, 
and in pieces of all sizes from large masses to the finest dust. This 
dust, when moist, ojten forms a kind of hydraulic cement, which 
binds scoriae, small stones, and sand into conglomerates, breccias, 
etc. Alone, it forms ])07.zuolana and trass. 

The following are the principal varieties of volcanic rocks : 

Rhyolite is a cryjito-crystalline to gla.s.sy rock of similar chemical 
composition to granite; it sometimes (ontains quartz crystals ^nd 
clear felspar. , '■ 

Trachytes are equivalent to the syenites, the ground-mass being 
fclspathic and containing isolatel crystals of felspar, hornblende, 
biotitc, or aiigitc. , 

Phonolite or Clinkstone are easily decomposable rocks having 
a ground-mass of sanidine and nepheline in which occur crystals 
of orthoclase-felspar, nepheline, and pyroxene. Ixiucite may also 
be present. 

Andesite is a pnrphyritic rock having a fclspathic groundrmaas 
and including crystals of labradorite or^ndosine, together with 
biotitc, hornblende, and augite. 

Oacite contains quai'tz in addition to other'constituents. 

Basalt is a dark brown rock consisting chiefly of plagioclase- 
felspar and augite, together with magnetite and olivine. 

Variollte and Tachyilte are basaltic glasses. 

The Pltchstones are closely related to felstone, but have a 
vitreous lustre resembling pifeh when broken. 

From the above it will be seen that the original igneous rocks 
from which vthers are derived consist of aggregations of crystals 
more or less cemented together to form compact vocks. The 
rocks arc disintegrated under the influence of different natural 
agencies, forming detrital sediments of various kinds* 

The charac^r of the sediments produced will depend 09 : 
(a) the nature of the original rock, ( 6 ) its chemical composition, 
(c) the ease wittt which it can be disintegrated, and (d) the agencies 
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to T^hiclmlt is subjected. ‘Thus, the sanci. derived .from a rock 
containing a iarge proportion of'felsjmr will tend "to l)e*(cliiii»tliic, 
whilst that from a rock consisting of almost pun? cpiartz will be 
a very‘pure silica sand. The more detailed consideration of the 
nature and chemical comp^ition of the minerals cu]npo8ing the 
original rejeks will be found m Cha 2 )tcr IV. 


FORMATION OF PRIMARY SANDS FROM 
IGNEOUS ROOKS , 

The agenciesf resfsmsible for change.s in rocks may Jm! divided 
into two classes : 

(a) Hypogenic actions, which ais! the rc.sult of heat or chemical 
activity, and art) closely connect«'d with cartlujuakes and volcanos.* 
Where they occur, minerals U'lid to Ix-copie c()jisoliduted or evsn 
crystalling and to form new minerals. These changes are sometimes 
known as fketamorphoses. When air or other gases, and super-* 
heated steam or other forms of water vaiwuir, take jiart in these 
changes they arc known as pwumohydmjenici-, or if air and other 
gases without water form the chief chemical agent, the action is 
said to bo of a pnentnalolyUc nature. The cfienneal and other 
changes involved are so numeroiLs and so oomplex that no single 
term for the whole of them can be eompletelv satisfactory, though 
Sif Charles Lyell’s term “ hypogenic " (meaning “ formed under 
the surfhee ”) is convenient, ns distinguishing all those changes 
which are of an internal and njt of a superticial nature. 

(h) Epiyenic or surface actions are |)r(slueed by the circulation 
of air and water, and to .some extent by the alternation of heat 
and cold. Epigcnic actions may conveniently be summarised 
under the term “ weathering." 

Hypogenic actions are largely of a constructive nature forming 
new comi»ounds, .so that they only ])lay a limited part in the 
production of sands, whilst e|)ig<)nic actions, In-ing in the main 
destructive, effect more directly the formation of sands. Thus, 
hypogenic actions £ 4 )iK)ar to j)lay the chief part in the production 
of some clays, but c|)igenic actions are usually, though nut always, 
the chief producers of sands. 

The formation of primary .sands may Is) stated briefly as con¬ 
sisting chiefly in the destruction of primary rocks by epigonic 
action, aided to some extent by hypogenic action. The loose 
aggregation of minerals, produced by the destruction of the bond 
in the. compact rocks, is further acted upon by wious natural 
agencies tej form beds or deposits. When these beds or deposit* 
ore subject^ to further weathering, secondary sands are produced 
from the prigiary ones. In such cases, one class of minerals is 
generally concentrated in one bed of sand, whilst another class 
m 'lninerals will form the bulk of another bod, which may be at 
some distance from the primary sand deposits. 
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Hypogenlt actions chiefly of value in the 'forraatiAn of Sands 
whet^th^ cause such changes in-the chemical composition of the 
various minerals composing the rock as to render them more easily 
disintegrated by epigenic action, or when they cause splitting, 
cracking, or other physical disturbances in the primary rocks and 
BO tend to render the latter less resistant to epigeilic actipn. Such 
changes have occurred chiefly during the cooling of tpp igneoVis 
rocks after their discharge frlm the interior of the earth. Within 
the interior of the eart.h itself the materials cool so slowly, thkt 
large crystals of fels|)ar and other minerals can form, and probably 
float abdtit in, a pasty li((uid made up of fused minerals. ' When, 
however, mass of this ])astv liquid is discharged by extrusion 
or volcanic action, the liquid portion cools relatively quickly, 
with the result that cr.vstalline matrices are formed, or—as in 
many cases—a natural glass is produced. The eohrser portion is 
known !vs the “ pjutonic ” or slowl.y cooled phase, and the much 
finer crystalline or glassy magma is the “ volcanic ” o,r rapidl.y 
cooled phas<! of the same material. In this way, the physical 
conditions of the minerals at the time of their discharge determines, 
to a large extent, whether they form granitic, hypabyssal, or 
volcanic rocks. The first named apjamr, to a large extent, to 
have Ikuui intruded into the overlying rocks in a pasty or almost 
solid condition. The hyi)ab,y.ssal i-ocks, on the contrary, a])p<'ar 
to have been poured out in a semi-liquid form as lava, and to have 
cooled Tiiorc quickly, whilst the lava from more recent volcafyc 
action is still, in some cases, undergoing the rearrangement of 
its constituents, which is included in the term hypogenic action. 

The ever-changing internal prelsure of various parts of the 
mrth’s crust brings alwut important modifications in the nature 
and characteristics of the rocks affected by it. Sudden upheavals 
jr depressions of the ground may occur, and may result in serious 
changes in the physi(!al character of the neighbouring rocks. 
Volcanic action may cover a rocky mass with lava, and the heat 
from this may cause a further change in the character of the rock 
itself, and the effect of enormous pressure (caused by large masses 
of other rocks being piled up on a particulau bed of material) is 
usually to consolidate a material so much as to change it from a 
bulky, amorphous substance into a mass of compact crystals. 
In tills way, many rocks have changed their character completely. 
The chemical action of various vapours and of substances in 
solution is also responsible for many changes in the composition 
of rocks. Thus, the action of subterranean vapours of fluorine 
and boron emanating from the fissures and joints in igneous rocks 
during the djuflg phases of pneumatolytic action may cause changes 
(such as kaolinisation, and the decomposition of various calcium 
and alkali-silicates, such as felspar, mica, etc.) in such rocks, 
which will render them more easily disintegrated when subjected 
at a later date to epigenic actions. More recent investigatiods 
by Ussher and others appear, however, to support Vogt’s hvootbeais 
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that%arboAic acid was the pl'incipal, though 4 )robably the only, 
gas involred in such changes. ' * ' 

The action of water ront|iining other dissolved substances, 
when circulating through igneous rocks at great depths, may also 
play a considerable part ip the decoiniH)sition of these rocks, 
especially ^s the* experiments of Bogojwlenski and Tammnn have 
inaicated/hat under a suflieiently high pressure all acids and bases 
arc equally active. Jloreover, J. Coon has ])ointi‘d out that 
tlfree well-known series of joints or fissures in the granite formation 
in the Hensbarrow district, in Cornwall, are so situattul that the 
intertelTuric water will Is) in constant alternation accoriliifg as the 
seasons are wet or dry ; and in flowiiig from one boss «of granite 
to another, much of the water will descend to great depths, and 
will becoijie heated and chaigcd with such substances as are soluble 
under the.se conditions. .Such water rising U])wards and again 
infiltrating through the granite mass will tend.to decomixwe it. 
yielding »ands and china clay as two of tlu' most important 
|)roduct«. * 

Epigenlc actions comprise all those changes in the composition 
and distribution of mincrnls whiib arc brought about by tin. actit)n 
of air, water, and ice in conjunction with climatic conditions, 
and which are known as “ weathering.” Epigenic ai’tions aie of 
three main kinds : 

(o) Aimmsphric mjenrien, including wind, frost, ghurial action, 
ch/inical decomposition such as oxidation, carl)onisati<in, dehydra¬ 
tion, changes in the colloidal state due to heat or drying, etc. 

(h) AipteoiiH arlion, inclndiiy' that of rain, .sea, tides, curnmts, 
streams, rivers, etc.. 

(c) Organic action, including t hat of animals, vegetation, etc. 

In these, mechanical and clicmii'al •influences unite and o|H'rato 
in a highly complex manner. 


At.MOS I'H KlUC Ao KNCIKS 

Air plays a very important jiart in tlu^ disinb'gration of rocks. 
Its action is partly wnechanical and partly chemical. When dry 
it has little chemical influence, unless the rocky material is rather 
moist, when oxidation often occurs, as in the conversion of greenish 
or black ferrous compounds into red ferric ones. 

Carbon dioxide is contained in air in very small proportion, 
but the total quantity present is very great. This gas dissolves 
readily in water and forms carbonic acid, which combines with 
free bases or very weak salts in the rocks and forrjjs carbonates 
and bicarbonates. As a solvent of various minerals, its action 
is best considered in another section. 

Rapidly moving air (wind) disintegrates rock, partly by remov¬ 
ing the smaller particlts and so exposi^ the remainder to other 
a^iicies. Its action is also abrasive, as it blows any loose materials 
agaiflst the rock surface and abrades it. In the form of a gale or 
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hurricane, air inoving«at a high speed'will often carry fhrge pieces 
of roll?far a considerable distance", and may cause the disintegration 
of others by the hammering action pf the pieces it can'ies. Strong 
winds carrying with them inexhaustible supplies of sha^-edged 
grains form a natural sand-blast wljose action" is the same as 
the artificial sand-blast used in many industries (sep Vol. II. 
Chapter XITI.) , ' 

Many rocks of peculiar ^shapo have been produced by the 
abrasive action of wind-borne particles upon their surface. Typical 
examples of this action are to bo seen in many parts of this-country, 
as at tne Brimham rocks, Harrogate, the Bride •Stones, near 
Todmordem, and the Bride Stone, near Pickering. The Sphinx 
owes much of its present outline and polish to the action of a 
natural sand-blast. The abrasive action of sand and di^pt carried 
by the wind against other rocks is one of the most important 
Weathering actiorei in hot, arid lands, such as deserts. 

Temperature changes in the atmosphere have a very important 
action in disintegrating rocks. The heat of the sun' transmitted 
through the atmosphere to the rocks, causes those near the surface 
to expand, particularly in tropical countries, and the contraction 
which takes place at night (when the tempirature may fall over 
50° (J.) is frequently a powerful factor in the breaking up of such 
rocks. The daily variations only affect the ground to a small 
depth, but the seasonal changes have a much greater influence. 
If water enters into crevices between pieces of rock and freeW, 
it will expand and so will tend to break the rocks by its pressure ; 
whilst if a rock is at all porous ai^ is saturated with water prior 
to freezing, the disintegration will be more copiplete. This aiition 
is more noticeable on higher ground, whore soil docs not gather, 
and in mountain ranges the cracking of the rocks in rvinter may 
frequently be heard. When largo masses of rock become detached, 
an. avalanche or landslip is the result, and this mechanically causes 
a further breaking up of the rocks by the force it exerts in its passage 
to a lower level. 

The action of frost is particularly important in the Arctic 
regions, and at high altitudes, and in those pkices forms one of the 
most potent weathering agencies. The sharp and angular peaks 
characteristic of high altitudes are duo to the shattering action 
of frost. It should be noted that frost works by disintegration 
and not by the decomposition of the rock. 

The atmosphere also has an oxidising action upon many minerals 
and aids in the disintegration of rocks. Sulphides (such as pyrites, 
marcasite, ai^ pyrrhotite) become oxidised, nitrates and carbonates 
may be formed, and these and other compounds are frequently 
hydrated, producing haematite, magnetite, and hydrated iron 
compounds such as limonite, goethite, and turgite. The sulphur 
in some minerals, when oxidised, forms sulphuric and other acids 
which also exert a chemical action and form compounds such as 
the alums and gypsum. Various metals are also affected by 
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weuuici'ing turn jjruuuce o^udes and othev compoundji uf little 
iniportan'ce from the point of view of the student of sands* * • 

Snow and Ice are the nuNjt poU'nt weatherinji; forces in very 
cold land# and at the highest altitudes. They have a niechanieai 
action in disin'te^ating rocks which is similar to that exerted by 
rivers (p..l2). The snow on mountains forms large masses or 
“ neMs,” and, as the lower portion melts, these masses slide down¬ 
wards—often with great speed—and* the resulting avalanches do 
serious damage to the rocks over which tluty pass. All the liK)se 
boulders in the j)ath of an avalanche are carried downwards, and 
if the mass ii arrested by a i)rojccting rock, its weight i.s''oftt'n so 
great that, in many cases, tlie stop is oidy temporary t the rock 
eventually gives way and falls with the snow into an adjacent 
valley. , 

Still more powerful in its total results is the snow which 
accumulates in the up))er valk^ys. As its deiith iacreas(.“s, the lower 
layers arc*com])resscd into ice and the whole mass ix'comcs a flowing 
river of ice and snow. Such a “ glacier ” Ix'haves very similarlv 
to a river in its action on the land over whii’h it pa.sses, though 
its effect is more intense and its powci' of carrying boulders is much 
greater. As crevices or cracks form in the ice, huge musses of 
rock resting on the surface full into them and slowly sink b) the 
bottom. There they ar(» criashcd and ground and curricil forward 
until the ice melts and most of its solid burden is left dej)Osited, 
osify the finest particles Ixung carried forward by tins water ])ro- 
duced. The bunks of a glacier are not so rough and irregular us 
those of a river, but are smo(ither anti more rounded, the harder 
stones having curious scratebings on them, which are |S‘ctiliar to 
glacier action. 

The chief jirtshicts of glacial action are large deposits of 
(a) heterogeneous non-plastic material consisting of an irrt^gular 
mixture of sand, gravel, and large stones, and (ft) a ttnigli, plastic 
clay (known as Boulder ('lay) which contains a considt'rable pro¬ 
portion of sand and gravel and a smaller jiroiioi tion of jadiblcs. 

AguKous Action 

The action of water in the form of rain, rivers, t>r the sea iijion 
rocks is of throe kinds—(a) abrasive, (ft) solvent, and (<;) a change 
in the colloidal state of the material (|>. IS). By mechanical 
action water lotisens crystals from a softer matrix, washes smaller 
or lighter particles away from the heavier masses, and by throwing 
one piece of rock against another it rounds theig into almost 
globular pejibles. If water cun enter Ixmeath a piece of rock it 
may, in time, loosen it and cause a landslip. 

Springs h^e an important epigenic action in many places, 
particularly near the coast, where it is usual to think of the erosion 
as the work of the sea. In reality, springs may do a large share 
of the work by loosening the soil and facilitating the later actiop 
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of the sea-water. This is particularly noticeable onHhe Vioast 
at Ffl?y«(York8liire), in one part' of which at every few" hundred 
yards springs of water may be seen issuing out of the sandy cliff, 
causing fissures in the soil and preparing it to be washnl away 
at the next high tide. • 

The solvent action of hot water on silicates is'relatively great, 
and hot springs frequently contain a large proportion of silica in 
solution, but the few warm s[Ji-ings in England are not of importance 
in the formation of sands. 

Rivers and Streams a(d. chiefly as abrasive and transporting 
agents l?i the disintegration of rocks.. The material enters the 
water in various ways ; it may fall in as the result of a miniature 
landslip, or after it has been blown away from its site by a gale ; 
it may la* vvivshed in by the accumulation of many raindfops, each 
‘ carrying its own grains of material ; or it may enler as the result 
()f the stream undermining its bank, parts of which then fall into 
the water. 

On entering a stream, most fragments of rock arc' angular and 
irregular in shaprs but during their passage they rub against one 
another and against the door and banks of the stream, and so 
become rounded (unless of unusual hardness) and arc gradually 
worn down, The particles thus lemovcd form clay, sand, and 
gravel, and are carried forward more rapidly than the stones, 
which are either depo.sited at any (aunt when; the speed of the water 
is suffieiently rediuad, or are earriial onward until they reach "Uie 
sea. The distances through which the fim'st particles may be 
transported are excmlingly great. » “ 

The amount of material transported by rivers is enormous, 
the Danube delivering some seventy million tons annually into 
the Blactk Sea. The amount of material carried dcjxsnds on the 
volume and vehxaty of the water, and on the size, .shape, and 
deiLsity of the solid ])artielea. 1). Stephenson has ascertained 
that the bottom of a stream of water moving at the rates shown 
in Table II. will move the materials mentioned in the third column. 


Tablk II.--S1ZK or (JaAiNS cakiued fcv Stheam.s 


Velocity of Stream. 

Material moved. 

Inches ixir Secoml. 

Miles per Hour. 


017 

Fine clay. i 


0-34 

Fine sand. 

8 


Sand as coarae as linsoed. 

12 

068 

Fine gravel. 

24 

1-30 

Pebbles 1 inch in diameter. 

30 

205 

Stones the size of Aen^s eggs. 


Under experimental conditions in the laboratory, water floVing 
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with a mJch lower velocity’will carry away parti^les^o{ clav and 
sand in suspension. Thus, in tile mechanical analysis of i^ls it 
is customary to use a velocity of only 0-0072 in. |)cr second tor 
separatflig the. clay, 0-28 in. iKir second for wparating grains 
between 0-0004 ^nd 0-001 in. (iiameter, and 0-01 in. per seirond 
fot ^ains'between 0-001 in. and 0-IK)IO in. diameter. Stones and 
other iaseluble solid substances a|)]H-ar to lose about half their 
Wfight when immer.sed in water, ann, eonse<|uentl,v, large masses 
may be carried along by a .stream which would not move them 
if they,*ci-e not (-ompletely immei-si-d. For this reason, also, the 
power of a stf(iagi is greatly increased during a time of floifd, when 
both the volume and velo(-itv of the water are nun'll greati-r. 
Neither the surface velocity nor even the mean velocity of a river 
can lie taken lUi a measure of its power of transjiort, but only the 
bottom velocity, that is, the rate at which the stream overeomes 
the friction of its channel. Koiiuded stones arciinost easilv trans¬ 
ported ; 41ati angular ones ai-e moved only with diflieulty, as they 
present less surface to the current. 

Owing to this continual grinding of the bottoms of .streams 
and the undermining of the banks by the afirasive ai-tion of the 
stones and the solvent action of the water, the land through whii-h 
a current of water travels is gradually cut away and forms gorges, 
chines, and valleys, A sudden dro]> in the ground forming the 
b^tom of the river may form a cataract or waterfall, at the bottom 
or which the erosive force of thi' wats-r will Ik- still greatm-; the 
battering of the stones in the water gradually breaks down the 
weir and eau.ses it to w-ear aw-*y slowly. Kivers thus tend to cut 
fissures and valleys in the land over which they jiass, and also cause 
a levelling of the iaiid over which they (low. In more level stretehes 
of country—particularl.y if its course is winding-a river often 
alters its direction .somi-what rapidly ; this is due to frequent 
bends reducing the .speed of (he water and so |xa-nutling some 
of the sand, .stones, etc., to is- deposited. At every change in 
direction of flow the water with its burden of minerals impinges 
on the bank anil gradually cuts its wav on the outer edge in the 
bend of the stream*, and as the sjx-ed of the stream is reduced 
at the inner edge of the Ix-nd, some deposition of material takes 
place. If the river cuts through the outer edge of the Ixmd more 
rapidly than the matter which is displaced is deijosited on the inner 
one, a short-cut channel is formed and a large jiortion of the original 
course, sometimes amounting to several thousand acres, is left ilrv. 

Whilst all British rivers flow directly or indirectly into the sea, 
■which thereby becomes the great rereptaelc for the ixyncral matters 
carried by them, there is an cnormoxis projiortion of sand and gravel 
which never reaches the sea, but i.s stopixsl at various points along 
the banks ofethc rivers, as just explained, and when the course 
erf ,the water has changed, these deposited materials form beds 
which are of great value on account of the sand which they contain. 

^s-water produces a similar effect to rivers and streams; 
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but as its fektive mowment is very sihall at great dcpAls, a fciuch 
greatfef amount of deposition of mineral matter takes place. The 
force of the sea as a grinding agent is far greater than that of rivers 
and streams. Huge blocks of rock are churned and grdund as 
in a monstrous mill and are reduced t« ptibbles and finally to sand 
and clay. The tide cau.ses an almost ince.ssanl battering apd 
washing away of material from the shorts, and this is carried towards 
the more slowly moving parts of the ocean and there depositeji. 
The aetioh of the tides is most effective in the crevices between 
the rocks into which the water enters with almost explosive violence, 
at a pressure of two tons or more per square foo^. Caves are 
hollowed aut by the direct Tiiechanical action of the water and of 
the boulders which it hurls against the .shore during storms, and 
the enormous quantities of [Xjbblcs and sand around the coast 
form eloquent testimony to the force and power of marine a(!tion. 
The result of the fcction of the sea through countless ages has been 
the destruction of whole continents and the redistribution of the 
rock masses into new forms of material, which can scarcely be 
recognised, so greatly have they been changed. 

Tidal and other 'ocean oirrents are also important agents in 
breaking up and transjanting rocks and in sorting them into 
particles of varying sizes and densities. In addition to the sand 
produced by thc^ action of water on rocks, some .sand is produced 
by the action of the s<‘a and other water causing shells to ^ib 
constantly against (<ach other when moved by the water ; siuSh 
shells are gradually ground to powder, forming what are known 
as" shell sands ' (p. lio). i ‘ 

Rain is the principal w'eathcring agent in humid and temperate 
climates. Its action is due to tlu^ fact that on falling on to a rock 
it removes some of the ingredients by solution, and often leaves 
a crust of a soft and friable natuie on the rock. This crust may 
be wwhed away by later rains and carried by the resulting streamlets 
for such a distance and deposited in such a manner that the various 
minerals removed may become quite separated from each other 
and may be deposited each in a relatively pure state; the larger 
pieces will be nc.ar their source, the sand will 1* graded into several 
degrees of fineness, and the clay and fine silt will be carried away 
from the rest of the material. This disintegrating action usually 
commences along any cracks or joints in the rock, these being 
particularly favourable to its destruction. In some cases the 
action is so marked as to make it apjrear as if the rock had been 
worn down by a river or stream. 

Some roci*, such as dolerite and basalt, on weathering form' 
spheroids, each having a succession of weathered •rings. An 
unstratified rock having no fissures or cracks is much less easily 
weathered than a stratified rock, as the lines of stultification are 
lines of weakness and enable the weather to act quitb rapidly; 
the joints are first corroded and cause the rock to break into large 
blocks and then to disintegrate still further, forming loose, incoherent 
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Band?. T1B> rate of weatheHng depends chiefly on the,nature of 
the rock'and on the character'of the weathering ngem^iek? In 
some cases a |M?rfectly fresh surface is exjsjsed, as in tht! case of 
limestofles, whilst in others a thick crust of jiartially de<'ompo8ed 
matter may cover the rock, ,»s in the case of doleritt's and basalts ; 
tlijs crust. j)artly protects the undcct)niiiosed rock and im)aslc8 
its fflrther disintegration. The iwks which are most resistant to 
weathering are those which consist of'particlcs of an inert character 
cemented into a mass which is diliicnlt to disintcgrat<‘ mechanically. 
Silieeoiyi sandstones are amongst the most |X‘rmancnt ro<rks, ns 
they consist almjwt wholly of ((iiarlz with a siliceous c<'m<^t, both 
of which are exceiitionally resistant to weatheringi Whcin, 
however, the rock is bound by a less resistant cement, smdi as one 
of a ferruginous^ calcareous, (U’ argillaceous character, disintegratioi; 
is much more rapid ; the cement is more <|uiekly removed, and ii; 
its absence the remainder of the rock falls to jpieces, forming "ii 
loose, ini»h('Tent sand. 

The (duet action of rain water is that of a solv<mt, whcr<d>> 
it dissolves some of the const ituents of the rock and removes then 
in solution, ami this permits of the easier removal of the remainder 
by wind or by the ims'lianical action of water. This action is 
easily seen if the surface of a granitec rock which has been c-xposed 
for a long time be examined ; the cpiarty. crystals will stand out 
chiarly, whilst tbec felspars have been corroded. This is due to 
tW slightly acid charactcT of rain owing to its containing carbonic, 
acid in soiution. Whcui its action is long continuced, as in roecks 
which tfre. constantly c.xpo.scd to tluc weather, the felspar is broken 
down, some of the alkalies Isung dis.solv('d out as cairbonatcw and 
carried away in solution, h-aving a certain amount of silica free; ; 
the strength of the rock is greatly rcducs'd in this way and thi! 
grains are loosencsl, the action being further hastened by the. fact 
that water containing sodium or potassium carbonate can dissolvo 
silica and thus can rcunove some of the silica present in the felspar. 
In time the rock becomes entirely rotted and many of the fclsjmr 
crystals are loosened and washed away from the (piartr-. In due 
coui*se the rpiartz cfystals will al.so fall away as their cementing 
medium or matrix is dissolved. 

In this manner water lirst acts as a solvent in “ cornMling ” 
the rock and afterwards mechanically removes the dccsunposral 
material, which would form a ))rotec,tive covering for the general 
mass of rock. The rain, however, keeps the surface of the rock 
comparatively clean by washing away much of the “ corrcxlcd ” 
material and thereby facilitates continued action. , 

Where «uch “ corroded ” rock material is deposited close to 
its source, having been transported only a short distance, it is 
sometimes kngwn a.s arkose. It consists practically of the same 
pjinerals as the original material, though some of the finer grains 
(as‘of china clay) and some of the soluble substances may have 
been removed. 
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K any.oxidi^able naterials are pifesent they will feb oxidised 
by oStftaet with rain water, or, if the latter contains much hnmus, 
some oxides may bo reduced. The loosened particles are then 
washed out mechanically by further supplies of water as prfeviously 
stated. • 

The general result of the action of water (of whatever natuje) 
is to wear down the higher portions of the earth’s surface, to ^nd 
down the largo masses, and*to transport the ground material ,to 
a lower level. Some of this material is carried in solution (as salt 
in sea-water), but by far the greater part of it is borne mechanically 
by the ^noving water. As soon as the velocity, of'the water is 
reduced some of the heavier particles begin to sink, stones and 
gravel settling out first, then the sands of varying coarseness or 
fineness, and finally the .silt and clay. 

The proeess of decomposition of granite rocks by the solvent 
atition of water—«.specially of water containing acid in solution— 
is known by the general name kaolinisation, as one of "the most 
important commercial products is kaolin or china clay. The felspar 
in the granite, when subjected to the solvent action of water, 
yields kaolin and free silica, the pota-sh and .some of the other 
bases being removed in .solution ; the [jarticles of quartz, mica, 
etc., are thereby looscmsl and can be separat'd by exposing the 
ro(^k to a stream of water. As (day consists of much smaller 
particles than .sand, the clay is more readily carried away- in 
suspension in the water, whilst the larger ])articles remain as “ .sand ” 
and fragments of impc^rfectly decomposcal rock. Whilst it cannot 
be supp().s(>d that such kaolinisation is the soun'c of all primary 
sands, it is of sufii(dent importance to warrant further investigation. 
It is often followed by a proeess of separation, in which, as already 
indicated, the clay is wholly removed and re-deposited at a distance 
of several miles from the original location of the undccomposed 
rock. It is very diflicult to ('Stimate the pr(!cise importance of 
kaolini.sation as one of the original can-ses of the formation of 
sands from igneous rooks, as the subsequent proces.ses of Nature 
which have occurred have, in most cases, destroyed all vestiges 
of the original rock. ' 

The solvent action of water is of great importance in the 
disintegration of many rocks. There is scarcely a mineral which 
is not slightly soluble in water, and many substances ai'e dis.solved 
readily, so that the contact of water with rocks is certain, in time, 
to remove some of their constituents. If the water contains any 
acid (as carbonic acid derived from the air) or other chemically 
active materb'.l, its action is greatly increased. Thus, chalk and 
its related rooks are scarcely affected by' pure water, buh are readily 
dissolved in water containing carbonic acid. Under some conditions, 
rain water containing carbonic acid can also decompose certain 
silicates and render them soluble. , , 

Many siliceous minerals, such as felspars, hornblende, olivine, 
muscovite, etc., are attacked by carbonated water and are gradually 
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decotflpos^ liberating alkalfeH, free silica, edt. Soine*of*the,ij^lira 
is dissolved and carried away in solution and dcjxisited as if cement 
in other rocks. The soluble carbonaU's produced by the action 
of carbeihated water on rocks are precipitated in lalrcs or in the 
sea and produce Ijniestoncs, dolomites, etc. 

The pre.sence of minerals rich in iron is a frequent cau,sc of the 
disintegration of rocks, the iron being (uidised and partly dissolvcal, 
thus rendering the remainder of the niaSs more readily disintegrated. 
Any rock rich in lime may have its lime converted into carbonate 
and reijioved in scdiition. Sulphides may 1 k‘ convert^ into 
soluble sulphates gud sometimes into free sulphuric acid. 

Many si»ring and well waters arc rich in di.ssolved salts M various 
kinds, such as the medicinal wati'rs of Harrogate. Bath, etc., the 
various cbalybcifte. (iron-containing) waters, and the " hard ” 
waters which are heavily charged with ealciiim bicarbonate amj 
miphate formed by the action of dissolved eatbon dioxide on 
imestone «r jhalk and by the solvent action of water on gypsum. 
■ skea-water owes its saltness to the materials which have been 
dissolved out of various rocks and have beep delivered to the 
sea by streams and rivers. As the various .seas have no outlet 
except by the evaporation of the water (in which case the dis¬ 
solved salts are not removed), sea-water must continue to incn*a«c 
in saltness. 

Jiiiquently water di.ssolvos out certain constituents of a rock 
witflimt altering the crystalline form of the mineral, yet completely 
changing its composition. In such minerals (termed /mridl/murphti) 
clay maj'take the form of rock-mlt, silica that of wood, and many 
other striking examples might !«• mentioned. 

The chemical action of water on mineral substances (hyilrolysis) 
has lieen studied much during nieent years. It is now recognised 
that water contains free hydrogen-ions (H) and free hydroxyl- 
ions (OH) under certain conditions, and that its dissociation into 
these two kinds of ions is sufficiently powerful to diiconipose certain 
minerals such as mica, fclsjiar. etc., anti thus to produce alkaline 
solutions. 

The action of thcAvater may 1st rcjiresentcd in the case of a 
simple silicate by 

NajSiOj -t 2H ■ OH - HjSiO, + 2NaOH , 

a weakly dis-sociated silicic acid being formed, together with caustic 
soda. The latter gives the alkaline ritnetion. 

Through the formation of undissoeiated silicic acid a loss of 
hydrogen-ions occurs, and to restore equilibrium this mast be made 
good by the dissociation of more water, which is then able to attack 
more silicate, if present. 

The alkaline^ silicates are most strongly affected by water, 
theq the calcium silicates, but those of magnesia are scarcely 
affected at all. 

As'in most cases of chemical action, the influence of time is 

vot. I 
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impoctant. ’Tljo solutions formed bV the action of the wafer on 
the’roclts are so dilute that the velocity of the reactibns which 
occur is sometimes so slow as to«be almost inappreciable, yet so 
long have they been acting in many cases, that incalculably large 
masses of material have been completely changfed.' On the other 
hand, the action of rain on some materials—such as basalts and 
olivine—is very rapid. The rain water (rich in carbonic*acid) 
soaks into the mass and converts the lime, magnesia, soda, potash, 
and ferrous silicates into acid carbonates. These carbonates are 
washetj, out of the rock, together with the silica set free during 
their formation. » 

The change in the colloidal state of some minerals as a result 
of the action of water is sometimes of great importance. A mineral 
consisting of coarse particles may be ground so finely by the abrasive 
action of the water that the resulting particles become too small 
to sink and take bn new properties, inasmuch a-s they form colloidal 
suspensions or sols. These particdcs are so minute as to be excluded 
from the definition of “ sand.” When such minute" particles are 
brought into contact with others bearing an electric charge of 
opposite sign (such as humus), both arc precipitatod, and under 
favourable conditions a colloidal gel is formed. Colloidal gels 
appear to possess a honeycomb or “ space-lattice ” structure and 
are able to absorb many times their weight of water, forming a 
gelatinous mass. ,Silica and clay are particularly prone to filter 
into the colloidal gel state, and many of their pro{)erties are 'due 
to this fact (see Chapter V.). 

Organic Action 

The action of plants and animals in the formation and dis¬ 
sociation of rocks is important. Roots constantly penetrate into 
crevices, and if the ground is sufficiently soft they break it up, form¬ 
ing soil, and the decayed remains of plants and animals are con¬ 
stantly adding to the soil. The action of decayed plants is somewhat 
complicated. The first products of the decomposition of plants 
are humic acids, which by bacterial and ether actions are later 
decomposed into carbon dioxide and water, together with nitro¬ 
genous compounds such as ammonia, nitrites, nitrates, and nitric 
acid. These compounds exert a chemical action on the rocks 
with which they come in contact and so disintegrate them. 

Bacteria play an important part by oxidising dead vegetable 
matter through intermediate stages to carbonic and nitric acids, 
which later, have a chemical action upon many rocks. Bacteria 
also act in other ways, such as decomposing iron sulphides and 
carbonates and forming iron oxide. 

An important action of bacteria and other lf)w forms of life 
is the production of humus and other substances which flocci^late 
any colloidal sols with which they edme in contact, and so inbrease 
the amount of colloidal gel in the rocks and especially in the soil. 
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This Is a.subject of which very, little is iSiown.’but bynltwous 
investigations arc now being niatfe upon it (sec Chapter VI.). 

WfM'HERlN'n 

•The term weathering is convenient as incliuling all those changes 
which occur as a result of the action 4 >f heat and cold, rain, hail, 
snqw, wind, exposure to air, and other utino.s|)heric jirocesses in 
rocks and other substances. The general U'ndcncv of weathering 
is to destroy the form of all materials and .so rearrange their 
constituents tfs to form new substanres. Thus, most, granites 
will, on sufficient exposure to weather, break down into a mixture 
of mica, ([Uartz, clay, and other minerals, together with some 
undecomp».sed felspar. This destruetion is brought about by the 
agencies already descrilxal and may require an ynormous rieriod- 
of time ; it is largely a matter of fortuitous circumstances whether 
the produ(?ts ot the action of the weather remain together or are 
se))aratcd from each other, as when the clay and mica arc washed 
out of the mass into separate hollows or pocketsi 

The exUmt to which weathering occurs depimds on the nature 
and situation of the rocks, soft jMirous matr'rials in exposed 
positions bi'ing most affected. Granites vary greatly in this respect. 
Rose has pointed out that many rocks whicli are unaffei^ted by the 
inosjr powerful acids in laboratory ex|ierimentB weather readily 
in nature under the apparently fis-blc influence of water, air, and 
carbonic ^cid. This is due to tlu* intiuenec of the much larger 
quantities taking part in the reliction, and is a tyjiical example 
of “ mass action.” Very dilute solutions—being moi;e comphitely 
dissociated into ions—are in fact relatively more aidive than strong 
solutions, but are much more difficult to investigate in the 
laboratory. 

The appearance of rocks is often useless as a guiile to the probable 
extent of weathering, as some granites and basalts form su|xirficial 
crusts several feet in thickness (due to removal of alkalies in the 
former and lime as ca^mate from the lattiT); when these crusts 
are detached by the aenon of the wind and rain, thi^y form dcixisits 
—often of great thickness—of a character entirely different from 
that of the original rock. In other cases the weather exerts a 
selective action, so that some fossils and nodules can bo more 
readily picked out of a weathered rock than a freshly exposed one. 

Most rocks weather in a characteristic manner which facilitates 
their identifleation even at a distance. This disintegrated matter 
may form “ soil ” on the site, or it may be removed *to another 
site by rain or*other influence. 

The individual substances produced by the action of the weather 
are often the resblt of a highly complex series of reactions, lx)th 
direst .and reversible. A more detailed study of these involves 
so deep a knowledge of the laws of dilute solutions, mass action, 
etc., as to be beyond the scope of the present volume. 
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FORMATION OF SECONDARY DEPOSITS 

Ffoiji'the (tommcrciai poini oi view, the chief effect on rocks 
of the weather is the formation of clays and sands. The nature 
and composition of the products farmed depend to a large extent 
on the minerals composing the rock. Quartz is scarcely affected 
by weathering, and most of it renfhins beliind after the other 
minerals have been removed in solution or have been decomposed. 
Felspars are frequently left kehind, though they arc to .some extent 
attacked with the lilWation of free alkali, which is removed, in 
solution. Mica is very little affected as a rule, though the pytoxenes 
and affiphiboles are more easily decomposed. So^ic cuystalline 
minerals, such as garnet, staurolito, tourmaline, sillimanitc, and 
kyanite, arc not attaiiked but are removed by aqueous transporta¬ 
tion and are found scarcely corroded in some detrital sediments. 
The heavy minerals, such as magnetite, ilmeniter chrotfiite, rutile, 
zircon, and metal-bearing minerals generally, are only slightly 
affecti'd by weathering. 

Jt will thus lie seen that the primary sands are produced by 
various actions, as a n^sult of which the original igneous rocks 
are decomposed in*various ways, the bond which forms them into 
a compact mass is destroyed, and any fine material, such as clay, 
which may havt! Ix-en produced is washed out by aijueous action, 
leaving behind a 1(M)S(. deposit of grains of the different minerals 
eomjiosing the original rock. When such a (hqiosit is more or le.ss 
proteeU'd from any weathering action, or where very little wei»Aer- 
ing occurs, such a bed may remain in its original condition 
indelinitely, but in most cases primary sands are transported to 
other locations, rearranged, separated, and so eventually form 
different deposits. 

The disint(‘gration of rocks gives rise to particles of various 
sizes, from large boulders and jKibbles to sand, dust, or mud. 
The larger ones, such as boulders and pebbles, do not concern 
the reader of the present volume until they have been still further 
disintegrated into smaller particles of various .sizes, except where 
they are found close to or amongst the finest deposits, as in those 
formed by torrential rivers and the littoral, deposits along certain 
sea coasts. (Slaeial dejiosits also contain a large proportion of 
boulders which mav or may hot lie mixed with finer materials 
(p. II). 

THE FORMATION OF SECONDARY DEPOSITS 

After the primary sands have been formed by the decomposition 
of igneous rocks, they tend to accumulate in the form of secondary 
deposits as the fine particles gradually settle to the bottom of the 
streams, rivers, glaciers, lakes, or seas in which they were carried 
in suspension. To some extent, also, particles *of primary sand 
carried away by the wind form secondary deposits whent the 
velocity of the air is reduced sufficiently to cause the air-bome 
particles to be deposited. It will thus be seen that the action of 
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riverS, lake*, seas, earth movement, wind, a \arHj- of other 
forces which tend to the iimioval of the ])rinmry sands sto* Some 
distance from their place of oijgin, also play^ an imiKirtant jinrt 
by dep<*ii}.ing them in Ix'ds of varying thickness ami purity and 
oi a density varjdng from unloose surfuw deposit to a compacted 
sandy rock. These deposits may, in turn, 1 k' further changed, 
classified, and transported until all trace of their original form is 
lost, so that, although the destructive ardion of various natural 
ajp'iicies has been chiefly em])ha.siscd in the foregoing pages, the 
influence of such forces in collecting the |mrficli>s of ))rimarv sands 
is equally inniortant. The grains of sand which have lAn pro¬ 
duced by the decomposition of igneous rocks are gathered together 
by many of the same agencies which aided in the <lisintegration 
of the ro(J\s from which the grains were produeetl. and the grains 
so se|)arated are deposited according to the density of the j>artiel<w ' 
and the six'cial features of the district througli whiih they are 
carried. • 

» 

THE KOR.MATION OF TERTIARY AXl) OTHER DEPOSITS 

The .sands collected and formed into secondary deposits some¬ 
times undergo further metanior|)hoses aiul are converted into 
(piartzites, and other sandstone rocks, limestone, flints, carbonates, 
etc., in which the grains of “ sand " are united together by a 
nq/iral cement—usually of amorphor.s silica- prodms'd by the 
infiltration of liquids containing siliceous, ealeareous, ferruginous, 
or othc» substances in solutioji. 'J’hese rocks may, in turn, be 
decomposed by tbe natural agjmeies previously mentioned, with 
the result that sands are again formecl, tliough they may b(^ dillerent 
in character from the ])riniary or even the .sta'ondary sands. 

The processes of rlisintcgration and building uji of rocks may 
bo repeated to any extent, and ari^ continually in ojieration. Tluiy 
have resultrxl in the production of many sands of extremely complex 
nature, which offer many highly interesting problems to the 
mineralogist. Fortunately, most users of sands neeil not concern 
themselves with su<4i matters, though it is important to know 
sufficient of the origin of sands to appreciab; such |)roblenis when 
they arise. 

THE AGGREGATION OF SAND DEPOSITS 

The principal agencies whhli aid in the collection of sand so 
as to form deposits are : 

1. Win* 

2. Water, including rivers, seas, tides, etc. 

3. Glacial action. 

* All deposits of sands, other than primary, may conveniently 
be classified according to the chief agent in their deposition, viz.; 
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1. Ae^litin,fiT deposits formed by Wr (wina;. 

?.* Fiuvialilc, or deposits formed by rivers. 

3. Estuarine or Fluvio-nmrine, er deposits formed at the mouth 

of rivers. 

4. Lacustrine, or deposits formed by lakes. 

5. Marine,, or deposits formed by seas. 

6. Qlacial, or deposits formed by glaciers. 

Akolian Sands 

The* action of wind in gathering together the patticles'of sand 
is very important in exposed, dry situations, i.e. deserts, some 
sea coasts, etc. 

In deserts the sandy materials are principally pro,duced by 
' dry wcatlwsring, i.e. by the bombardment of rocks by wind-bome 
particles, resulting in the production of small detached jwrticles 
which are, in turn, carried by the wind and employed for the 
further disintegration of rocks. 

True desert sands often originate by the simple breaking up 
of crystalline rockS into their constituent grains, without any 
pcwcoptiblc alteration in the minerals themselves. When the air 
has reached a locality where there are no na^ks and where its 
velocity is sufficiently reduced, it dejmsits the particks. Sometimes 
these particles are again carried by the wind and re-depo.sited. 
In this way, in the course of time, vast accumulations of .siUid 
are concentrated in situations where there is the least disturbance, 
and there they form largo beds. i Where the winds are Irregular 
in their action, large tracts of country arc gradually covered with 
wind-blow'n sand which is constantly shifting or drifting in the 
various directions taken by the wind. According to Minders 
Petrie, 8 ft. of soil has been swept away by the wind in Egypt 
during the last 2(K)0 years, or nearly 4 in. jx-r ctmtury. 

A certain amount of separation or grading of the sand is also 
produced by wind action. The larger particles which are less 
easily carried by the wind are moved less frequently, whilst the 
finer i)artiele8 are carried about and arc so.netimes moved over 
considerable distances, so that, in time, the deposits become roughly 
graded, the liner particles being on the surface and the coarser 
ones lower down. Thus, if the surface sand deposits on deserts 
are examined they will be found to bo very uniform in size on account 
of the sorting action of the moving air. According to some experi¬ 
ments by J. A. Udden, the action of a wind travelling at eight 
miles per hoqr on imrticles of various sizes is as shown in Table III. 

The maximum size of grains carried by normal winds is about 
2 mm. diameter, but during storms much larger particles may be 
carried by the air. 

It is interesting to note how the prevailing winds l^e 
accumulated sand deposits in different parts of the world. " The 
great desert belt stretching from the Sahara in Africa right across 
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Tadlk III.-'Sizk of Gkains cariiikd by Wind ' 


AveraV. 

DlaiucU'T uf 
Fartloloft. 


mn>. 


Deliavlour oi (Irutim. 


0-75 

0-37 

(>l8 

o-ov 

(I 04 

0-007 

0-001 


Described a path divorgin^houi 10'’ from a vertical line, 
I)escrihe<l a path diverging ahotti 45'^ from a vortical lino. 
Described a ^jiUh diverging a f<»w dognsts from horizontal. 
Scarcely notiee<l to aettlo in transport. ^ 

Apparently completely borne l»y wind. 

Completely bonio np l>y wiml. 

Completely borne np by wiml. 


Arabia ia one of tho hot tost parts of tho world, giml oonsequontly 
the air .srnToundinf? th(^ anai tends to riisli tovvards this hot desert 
to occupy tfie sj)aec of the lieatcd air rising from it. For this 
reason there has been little ehanee for tiui sands ])roduced by 
disintegration of the roeks in these areas to -Ije distributed, and, 
eonstupiently, they have aeeiimnlated and formed large traets of 
de.sert. A large part of the Sahara eonsista of a white or y<!llowish 
sand, often mi.’ted with gypsum, forming dimes ,'i(t-4l)t) feet high, 
th^rocky floor being sometimes expo.sed. The dunes ap|X‘ar to 
ht/inore [STinanent than those in more northern latitudes. During 
storms much .sand is carried from one dune to another, or a chance 
obstacle^ such as a dead camel, jnay form a nucleus, hut the general 
arrangement of the dunes remains constant. The dunes along 
the caravan routes are suflieiently permanent to possess names. 
As a rule, the ilistancc from crest to crest of the dunes is 0-.5-1 mile. 
Individual dunes sIojk: gently on the windward side, and have a 
very steep slope to the leeward, on account of the scooping action 
of the air currents behind tliiur crests. The surface of dunes is 
often diversifiwl by secondary ripples. 

Observations in Egypt have proved that the desert sand is 
heavily charged with jmsitive electricity. Fifty per cent more 
ozone was found in the air over the desert than in the oases. 

There is little rain in desert countries, but a certain amount 
of water in the rock is held liy capillary action. The hot rays of 
the sun draw this to the surface, bringing tvith it soluble salts 
of sodium, magnesium, etc. Chemical reactions occur between 
these hot solutions and the constituents uf the rocks, so that 
the latter are decomposed from within. This proccs| leads to the 
cementation and Klidiflcation of some loose sediments and the 
colouring of many desert sands, which are usually red. It also 
results in the ^turation of many desert sands with soluble salts 
wj^ch sometimes form an efflorescence on the surface. ‘ 

The formation of desert sands may not be entirely due to dry 
denudation, but it is certain that the wind has played a large part 
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in the foi;matiqn and/classification of the present surflt^c deposits 
in th5 larger deserts. 

The fine sand of deserts is often blown high and carried for 
great distances by aerial currents ; finally it descends in the form 
of “ red fog,” “ sea dust,” or “ siroccoidust.” According to Geikie, 
it is occasionally so abundant as to obscure the sun and to cover 
the decks, sails, and rigging of vessels which may be a thousand 
miles from land. Much diAt has been carried from the Sahara 
and deposited in the Mcditerranc'an district and the Canary Islands, 
and it is said that some of the sand in these deposits mpy have 
come ffotn South America. ” 

Volcanic dust is also carried in this manner, showers from 
Iceland having been deposited in Scandinavia, and some Krakatoa 
dust has even been carried to Europe. Large quantities of diatoms 
have been carried thousands of miles by wind. 

The amount of separation or grading effected by wind action 
depends on (a) the size of the particles, (6) their shapf, (c) density, 
and ((/) the speed of the wind. 

\Vhen all the particles arc of the same material and arc similar 
in shaiK-, the amouht of .separation effected in transit will depend 
largely on the speed of the wind, but where grains of different 
materials occur, as is the ease with quartzite sands containing 
heavy detrital minerals, the density of the lattt'r largely determines 
the nature of the separation effected. In such a case, comparatively 
large partides of quartz may bo blown away, whilst much sma'der 
particles of zircon, rutile, etc., may, on account of their greater 
density, remain l)ehind. t ' 

In the case of shell sands, the shape very largely determines 
the extent of the separation which occurs. The grains are largely 
tubular, lenticular, or disciform, and a blast of wind may strike 
such gr ains under their flat smfacc and carry them to great distances, 
while the same blast wotdd not move more rounded grains of the 
same bulk which rested beside them. Carus Wilson has noticed 
that iussociated tubular calcareous grains have been sejrarated 
from the rounded grains of “ killas ” by the action of the wind. 

The great accumulations of blown sand''occurring along the 
coasts are of e.ssontially the same character as the sand dunes of 
the deserts, except that they consist of particles produced by marine 
and fluviatile denudation rather than tho.se produced by a dry 
wind erosion, such as is the case with desert sands. 

The particular method by which nature works in the forming 
of sand hills on the seashore may here be briefly deseribed. 
(1) Frosts t^d to split rocks, and (2) the chemical action of the 
rain dissolves the binding elemente in the rocks and liberates 
quartz or other insoluble grains. (3) Bain and rivers carry 
these grains to the sea. (4) Tidal currents deposit them on some 
adjoining coast, usually about the time of high water when the 
tidal action is at rest. (5) Wave action breaks up the surface 
of the shore by the fall of each ■wave, the result being a translation 
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from* low-•Howards high-water mark of a lti(ger mimh<'r of grains 
than the' backwash of the wavb carries back, (fi) 'Hi* nf.ying 
of the shore by sun an<l wind agencies. (7) The lifting of the dried 
sand artl.its transportation by high winds until it is laiaight to 
rest by obstruitidns in the ^'f'n of wreckage, cliffs, sand hills, etc. 
Such obstructions may .start not only a sand hill but a new range 
of hills some distance away from the previous seaward line of 
hills. E.xam])les of this action are (♦minon along thi; Lancashire 
cdiust from Kreshtield L) Southport. 

In order that sand dunes may be formed in large amounts, 
the following woven conditions are rcijuired, according to \V. Ashton ; 
if any arc absent, sand hills will not Is' formed or will bi’ insignificant 
in extent; 

1. Cogtiguitv to a coast on the windward side, which is in 
jwoccss of marine demidation. 

2. t'ontiguity to mouths of rivers diaining wMillstone (Irit or 
similar frwmations. 

3. A low flat shore. 

4. A coast of such a formation as not to ts' c.isily disintegrated, 
su( h as true sand, and not of clay or chalk. 

5. The growth of star grass or other vegetation. N’egetation 
promotes hill-growth by thi‘ binding together of the saml. and even 
more by the grains Ix'ing caught by the long blades of grass, etc. 
Th^se grains fall in the Ice of the plants, which )msh their way 
Ujftvards so long as they can obtain a supply of moisture for their 
rooks. Windy months which hap|H‘n to coincidi^ with the grass¬ 
growing* ]s‘ri(Mi of tb(' year anwtlie most favourable to rajiid hill- 
growth. 

Other .sand bindr^rs are Salij- rc/D'nn, var. Arijenkfi, or Silver 
Willow, found between Rirkilale and Forinby; TrHknm rcpenn, 
or creeping wheat gra.ss, a smaller grass of bhar-grecn colour 
which grows above high-water mark at the foot of liills; and the 
sand sedge, Carejc aremiria ; sea holly, sea spnrg<;, saltwort, and 
sea rocket. 

In (,'ornwall, wild thyme has been found a sattsfactory substitute 
for star grass. Sir Hyde Page, a noted engineer of his day, found 
the planting of gorse bushes an cflectiye check to blowing sand. 

On the coasts of Norfolk, the Moray Firth, Norway, and Jutland, 
maritime pines have proved very effective in stopping sand drift. 
On the margin of Southam))ton Water, “ Spartina " grass has 
proved very successful. 

6. A coast in general line with the prevailing winds. This 
condition is of great importance. The most favour|,ble direction 
for the prewailing winds to strike a coast is at an angle of 10 or 15 
degrees; they then have the maximum power of transmitting 
sand from the joreshore. Whenever extensive ranges of sand hills 
aijp found, this condition is invariably present. 

t. Sea-wave action which brings in sand from the sea. 

The sand carried by the wind impinges on the blades of star 
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grass, drons* in.their jte, and' they continually push tHhir wky up 
throfighttne accumulated drift. 'At a height of about 60 feet the 
sand can no longer draw up suffi(;i*nt moisture hy capillary action 
to serve the plants, and when tho.so die there is nothing fo retain 
the sand, so that there are few .sand, dunes more than 60 feet in 
height. On the coast of Norfolk, sand hills .50-60 feet high occur ; 
on the coast of Holland, some of the dunes are as much as 260 feet 
high. *■ 

The breadth of the sand beds on the eoasts varies from 3 to !> 
miles. The form of .sand <lunes dei)cnds entirely on the intei^ity and 
dircictidh of th(! winds which produce them. In s«me cases the 
sand is heaped up into mounds in rows ; in other cases the dunes 
form long, narrow ridges. When the speed of the wind is great 
they form at right angles to the direction of the wind, Jjut where 
the intensity is less tluy may form parallel to its dire(dion. In 
Central Asia tine sand frequently takes a crescent-.shaiied form, 
the convex side facing the wind. Where the wind is irrfsgular 
the sand is merely piled in iiTcgular masses. 

Sand hills are eluedy found on the portions of the coast which 
are exposed to the prevailing winds, the most important of those 
in Britain, therefore, being on the we.st and south-westerly coasts, 
as in IXiVonshire, Wales, (Juinberiaml, Lancashire. The last 
named forms a good exam])lo of wind-blown sands. The material 
conH)osing these beds has been dc-rived from three sources : , 

1. Kt^a-croded material from the Cheshire and adjacent eoasth. 

2. Fluviatile material. 

3. Tidal matt-rial due to the shallowness of the sea on this coast. 

The chief source is undoubtedly the secontl, viz. river-borne 

material from the higher jiarts of the Pennine Range whertt the 
rivers Ribble, Irwell, and Mersey rise. Repeated initTo-examina- 
tions of the sands by J. Lomas prove, conclusively that they are 
derived from the Millstone Grit formation. As the Pennine rocks 
are denuded, the clay is deposited on the Crossens shore iis “ slutch,” 
and the greater part of the sand is deposited in sand banks at the 
mouths of the Dee, Mersey, and Ribblo. Sea currents, the tides, 
sun, and wind do the rest in piling the sand' into dunes along the 
north-western shores of the Mersey and the Ribble. 

The mean direction of the prevailing winds just south of west 
is well indicated by the inclination of the trees in unsheltered 
positions along this coast. Twenty years’ records show that 
nearly all the winds of sand-lifting force come from the south-west 
and west. The hill ranges accordingly show a steep side on the 
west-south-\gpst or prevailing wind side, whilst on the leeward 
or landward side a long slope is usually developed. • 

Among other extensive gand-hill ranms in Britain are those 
found on the north coast of Cornwall and bctweei^ Naim and the 
river Findhorn in Scotland. The largest sand-hill ranges elsewlipre 
are found on the Ayrshire, Aberdeenshire, Lincolnshire (very low), 
Norfolk, Suffolk, and Glamorganshire (very high) coasts.- 
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IS soiitS places, as in Cornwall, muchVf the. l)l^^vn sjjnd is 
composed of comminuted sea-shells. In Berimula and otfcer\oral 
islands, fine coral sand with comminuted shells has h(>en formed 
into difties bv the mnd and cemenbsl by rain water, forming 
compact rocks. ' • 

Deposits of blown sands are by no means always stationary, 
and,'where changes in the direction of the wind are frequent., 
lajgc tracts of land may be ovcrwflelmed with sand and then 
cleared again, as at Santon Downham, east of Brandon, when' 
simd stoms or sand floials have at various times swejit the country. 
At St. Pirianti church which had been smothered for seven wnt uries 
was uncovered in ISHo by the natural removal of tlu' sand by the 
wind. The dunes in the Bay of Biscay, where they are not held 
by vegetation, Jravel inland at alamt Hi! feet per year, and in 
Denmark at ;f-24 feet |S‘r yeai'. 

The speed with which entire hills will somHimes Is; shifted 
was exemplitied during a westerly gale in Ittll, when, according 
to 1). Pennington, a high hill In'tween I’reshlield and .4insdale, 
near Mas.sem's Slack (iaineashire), was bodily moved latween 
ItM) and lot) yards. Near the same spot and in the same year 
a curious find was miwle in the hollow of the outer line of slacks 
about a mile to the north of I’n'slitield Perch. (Jales having drifted 
away the sea face of a long sand hill, on the landward side of the 
hoHjw the remains of seven wre('ks of womlen vessels, apparently 
frdbi 200 to 2.')0 tons, were exposed to view; two ilays lat<-r all 
but one were buried in the .sand. 

Whch lixed by vegetation.Ksand hills have, on many coasts, 
a high value as natural proU'ctors of low-lying lands from inundation 
by the sea. 

The deposits of fine detritus occurring in different, pai'ts of the 
world, and designated under the general term ’ bjcss," aic thought 
by some to be of acolian origin and by others to Ik' |)roduia'd by 
aqueous action (]), 31). According to Richthofen, the (Ihinese 
deposits are largely com]M)sed of a fine dust, (wobably derived from 
a fluvio-glactal i^riod and' subsecpiently desiccated during a time 
of dry climate, the (try dust Is'ing afb'rwards trausisirted by the 
wind to the river basins and plains of China. 

The Keuper sandstone round Birkenhead and fStourton consists 
of desert sand which has been consolidated and math' into a solid 
rock. On weathering, this rtx'k disintegrates anil forms a loose 
sand similar to other dcimsits of wind-blown sand. 

Aeolian deposits sometimes extt'iid over wide areas, but arc 
often of an irregidar and discontinuous nature. Their thickness 
is usually vtsry variable, and they often exhibit cross- or currt'nt- 
bedding. Ripple-marks sometimes occur and are useful in ascertain¬ 
ing the mode (^origin of the sand. 

• fiand hills sometimes grow rapidly ; H. T. Crofton has observed 
that under favourable conditions those at St. Annes grow at the 
rate of over 2 feet per annum, the greatest increase occurring in 
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the more .windy mon|l»hs of March, April, and May. “T. Millard 
Reads calculated that about lOS.fKM) cubic yards of sand are moved 
every year by the wind on 16 miles of the South Lancashire coast. 
About 2(HX) years, at this rate, would account for the ontire'deposit. 
J. Lomas, in a f)apcr before the Briti.sh,48SOciation'in 1903, expresses 
the opinion that 400 years ago there were no sand hills on the 
Lancashire coast. Tlu^y began to form at Formby at thd end 
of the .seventermth century, fanding up the deep channel near the 
ancient port of Formby and thus increasing the sand-drying area, 
which aft(U’wai<ls extended rapidly northwards. As tlys high- 
water fliark was raj)idly driven back, successive rimges of sand 
were formed on the seaward side, until now some of the sand hills 
Ix'twecn Formby and Ainslit; are n(airly 80 feet high. This process 
still (smtinucs. The lateral growth of these ranges is sur])risingly 
rapid ; near the I’alaco Hotel, Southport, ranges 20-27 feet high, 
with a maximum* width of 190 yards, have Ix-en formed since 1885. 
Although the.se hills are of recent origin, the sand of which they 
are composed is much older, much of it being at least 20(K) years old. 

The sand hills at St. Anixvs appear to have Is-en formed in a 
similar manner ; the main channel of the Kibble has gradually 
moved northward, piling the .sand brought down by th<^ water 
on the north shore between Fairhaven and South Shore through 
the action of tim iirevailing winds. 'I’he lange of modern sand 
dunes from Blundell Sands to Churehtown a|>iH‘urs to bayo a 
difierent origin and to b(^ due to a change in the course of the Moisey 
about a thousand years ago. 

Aeolian or wind-blown sands (often consist of small* angidar 
grains, but those diu'ived from the seashore in the manner just 
described are usually rounded. (Sei; also t'ha])ter 111., under Blmvn 
Bawls and Bhore Bawls.) 

FuTViATinn Sands 

Fluviatile deposits arc those which have been formed by the 
action of running water. These deposits aecumidate as a result 
of a decrease in the speed of the current, an at a sudden bend in 
the path of the stream or where the river joins the sea, the contact 
with salt water causing the deposition of some of the grains ; the 
ordinary sand deposits in the beds of most streams and rivers 
belong to this class. In some cases the rate of deposition may 
bo so great ns to turn a stream out of its course or even to divide 
it into two parts flowing round the deposited detritus. 

Fluviatil^j. deposits may be formed on river banks and flood 
plains when the waters of a river are in flood and the speed is so 
great as to cause the detritus carried along by the current to bo 
lifted over the banks of the river and deposited OTjer the low-lying 
area on either side. Such plains of alluvium occur in many trop^al 
countries where, during the rainy season, the rivers are accustomed 
to overflow their banks. 
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SonictifflcB torracos arc forniod on eitljer side •{ a stream. 
As the bed of the streani is gradually lowered by erosion ^iilMood 
level will decrease, .so that as tune passes the alluvium will lie eon- 
fine<i iifore and more to an area nearer to the IhsI of the river, 
forming a series of terraces ^if decreasing height as the bed of the 
river is approached. 

Ill this country it is eommon to find three such terraces, but 
sometimes as many as six, seven, or (A en more may oeeur. 

In North America this mo<le of sedimentation of alinvinm has 
taken place on a very large scale; the .Mississippi alhivium from 
the mouth of the Ohio to the Oiilf of .Mexico, oeenpying’tm area 
of 19,400 miles, is 2o-40 feet thick. 

I'lnviatih' ileposits may also be aceumulated at the foot of 
mountaiiv streaijis, waterfalls, etc,, the decreased s]H'ed of the water 
causing the dejiosition of some of the material held in suaptuision 
or oarriefl along by the force of the current. Such aecumiilations 
frequentlj' tjtke the form of eone-shaped deposits which are some- 
tiincs of great extent, some Is'ing many miles in diameter and 
hundreds of feet thick. Such alluvial fans oeeur in India and on 
the flanks of some of the ranges in North America. 

Owing to the manner in whieh they are priMlnced, flnviatile 
sands arc usually very variablQ in composition and consist of 
irregular mixturiis of particles of all sizes. Such de|«isits are found 
in (many (Vetaceoiis and Tertiary deposits around the Dartmoor 
afld Cornish granites. The disinP’grated mabwials, consisting of 
quartz, felspar, tourmaline, i te., which were carried by the numeroiiH 
streams from the hills, Is'cametaidilenly arrested in lakes and slow- 
moving rivers, with the result that much mabirial was thrown 
down with no re.s|wct to the sizes of the particles, the deposits 
being very often fan-sha|H‘d in form. On the other hand, many 
river.s exert a marked .sorting action, ami thus produce various 
metalliferous deposits as will as beds of sand and clay. This ii 
due to the fact that most of llie mctal-laaring minerals are sc 
heavy that they are not resulily moved by water currents, am: 
consequently tend to Ix'come concentrated, whilst other “ lighter ” 
minerals are wii-shecJ away, the residue forming " mineral jilaccws.” 
Many valuable minerals are obtained from deposits of this kind, 
including gold, zircon, platinum, tin, tnngsb'ii, as well as various 
gems. Thus, in Oylon there are Iwaches with alb-rnating layers 
of pink garnet and black ilmcnite, whilst monazitc occurs in the 
river beds and Iwach .sands of Brazil, Travancore, and'Ceylon. 

Fluviatilc deposits are not usually so (ixtensive as estuarine 
ones, and they may vary considerably in thickmjis in different 
parts of the beds on account of variations in the s)Kicd of the river 
and other causes. They also often exhibit stratification and 
frequently crips- or currcnt-lK’dding ('onglomcrates are generally 
af Jluviatile origin, but they may also be forimsl on the shores 
of lakes and seas. 

Flnviatile sands are usually “ sharp ” and consist of irregular 
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fragments of numerous sizes. Whilst quartz is usually the^ pre- 
(iomitfanf;'mineral, others may Be present in various proportions 
according to the conditions under which the rivers or streams 
obtained the minerals from which the sands arc derived, and 
according to the treatment such mingrals have undergone during 
transpoi'tation. (See also Chapter III,, under Flmialile Sards.) 

c 

Kstuarinb Sands 

Estuarine de|)osit3 arc formed at the mouths of rivers in the 
form of a delta ; they consist of successive layers of material 
carried down by the river and deimsited. A delta only forms 
where the conditions for its formation arc favourable ; W’herc 
the sea at its junction with the mouth of a river is very deep, the 
suspended matter may sink to the Imttom and not appear ; where 
there are strong A'urrents, the detritus may be entirely removed 
before it can form a delta. 

Ihdtas may be of great extent, that of the Mississippi covering 
an area of over 12,()()0 square miles, whilst that of the, Ganges 
and Brahmaputra occupies between .')0,(KK) and 60,000 square 
miles, and is over 48t) fe(<t thick. 

Estuarine deposits may also be aeeumiilated by bars and lagoon 
barriers, the water being arrested in its flow, .and consequently 
deiM)siting much of the solid matter held in suspension. As the 
sediment deposiksl near the mouth of a- river accumulates, it adzs 
even more effectively than the sea in arresting the material carried 
down by tiu! river. “ Bars ” of tlWs kind sometimes attain great 
sizes, and may be moved farthiT out to sea by floods or pushed 
up-stream by storms. Siudi bars occur in several places in this 
country, including Start Bay in Devon and between Mumble 
Rocks and Swansea. Every river has its e.stuarine deposit, but in 
many eu.ses the sea removes so much of it that the residue is 
insigniliianl. The material so removed may form a flimo-marirm 
deposit in some other location. 

The principal estuarine accumulations include rooks, stones, 
gravels, sands, silt, and mud, and po-ssibly loess. I’hese deposits 
usually (a)utain a greater or less proportion of clay, the amount 
depending on the velocity of the water. If the current is rapid, 
the estuarine deiwsits may be comparatively coarse, most of the 
fine material being then carried farther out into the sea and 
forming marine deposits. With a very sluggish river, however, 
much clayey material may settle along with the gravel, sand, 
and silt. ^ 

The extent of estuarine deposits varies according to the 'size 
of the estuary, but they are sometimes very large, and are remarkably 
uniform in thickness over the greater part of their aro<i. A peculiar 
feature of estuarine beds is the rapid alternation of layers, 
different materials, due to changes in the speed of the rivers at 
different seasons of the year. In times of flood, coars$ material 
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nay Tie castied much farther and dejwsitei^upon a bed of com¬ 
paratively fine material. ’ , % 

In this country there are several extensive estuarine deposits 
n JiineAlnshiro and Northamptonshire. Sumo of them c<intain 
!0 large a proportion of cla^ as to Ipc useless so far as sands are 
:oncerned ; the beds at Great Weldon, Northamptonsliirc, and 
ilso i(t Kettering and Wellinglanough, are of this character. 

The loess or lehm which occurs fiver a large area extending 
jastwards from the north of France across Euro])e and Asia into 
Uhina may be of estuarine origin, though it is tho\ight by some 
to be an ar'»lian dcfwsit (p. 27). The arfoftc of Amcrirtl is of 
estuarine oiigin, as are also the hlach earth of l{u.ssia and the reyiir 
of India. 

Estuaijnc sands usually consist of mmlcrately angular particles 
of various sizes. They closely resemble the Huviatilc sands in 
many resjaads, and, ujrart from their situation, it issilmost impossible 
to di.stin§uish them from the latter. (See also Chapter III., on 
Estuarine Samis.) 

Lacc.stki.nk .Sands 

Lacustrine deposits are of the same nature as estuarine depwits, 
exeejd that they are characteri.sed by greater uniformity on account 
of tiu’ smaller amount of agitation to whirti such <lejK>sits are 
subjected. Lakes are, in fact, great settling tanks in which the 
riT*!rs discharging into theni deposit their i)urden of clay, sand, 
and other minerals. As the smaller particles arc' carried the 
farthe.st,* lacustrine de|)asits ar* usually dee|a'st and coarsest at 
the inlet of the lake, the finest particles laung dtsposited farthc'st 
away. Where a river runs through a lake and passes out at the 
other end, the result of contact with the wahus of the lake is very 
obvious. Thus, the river Rhone enters Like Geneva (charged 
with dctrital matter and ap|H'ars iputc turbid, but on leaving 
the lake it is translucent and blue, th<. mati-rial in susiH-nsioi! 
having been deposited in the lake, chiefly near tlu^ end where it 
entered. Thus, lakes may act as filters and intercept the sediment 
carried into them by rivers. Large deltas are sometimes former 
by material deposited in this way, many examjiles of this action 
Ireing found in Switzerland and other localities. As the dejmsition 
of the material continues, the lake gradually lKs;onies full and 
may, eventually, form “ rlry laml ” with a stream running through 
a portion of it. If the stream lie diverted as the result of some 
earth movement, a dry lacustrine dcprjsit is formed. 

As the deposition of material in a lake is a function of the spried 
of the water and the size of the particles, the separation of the 
CTavel, sand, and clay is often very complct<^ the strata of each 
neing clearly ^fined so long os the flow' of the river feeding the 
lajp is fairly constant. In times of storm, on the contrary, when 
the kpeed of the water is greater, the coarser particles are carried 
farther, and in this way' a considerable amount of gravel may 
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*bo deposited simult^eously with the sand forming" a diluvial 
dcpoAit.c 

The New Red Sandstone of Cheshire (known as Buntcr Sand¬ 
stone on account of its variegated colour) consists of a consolidated 
bed of lacustrine sand laid down jn fresh-water lakes. These 
deposits are at least 200 feet thick, and show clearly the importance 
of lakes in the formation of sand. 

Lacustrine sands are u.tually composed of grains of fairly 
uniform size ; they are moderately angular, but are sometimes 
well rounded. (Sec also Ohaph'r III., under iMcustrine liar^ds.) 

Mabine Sands 

Marine deposits consist largely of material produced b.V coastal 
erosion mixed with that brought down by rivers and glaciers and 
with .shells and either materials of a calcareous nature, derived 
directly from the .sea, and, in some cases, with volcanic ash and 
dust. Tlu-cc types of marine deposits may l)c readily distinguished : 
(1) tho.se under the sea, or pelagir, beds; (2) those under the fore¬ 
shore, or UUoral beds; and (3) those now at or above sea-level, but 
originally below it, and generally referred to when the term maritui 
is aiiplied to .sands. 

Pelagic deposits usually consist of very fine material comprising 
calcareous mud, volcanic dust, sand, and clay, with occasionally a 
small proportion of coarser material. Such deposits are of various 
grades from sands to “ oozes," the latter term including the 
Radiolarian and Globigcrina ooze* Pelagic de|)osits aid usually 
suhdivided into those formed at a depth exceeding 1(K) fathoms 
(abv.ssal deposits) and those formed in .shallower water. The 
latter are, with local exrs^ptions, of a heterogeneous character, 
whilst tho.se formed at greater depths are of a very fine and muddy 
character, though often containing a small quantity of material 
of a eoanscr nature. 

The deposits known as sea sand usually extend out to sea and 
cover almost the entire floor to a depth of about 100 fathoms, 
except near the mouths of rivers and eatnarie*., where silt and mud 
are also deposited near the shore. 

The abyssal deposits or oozes scarcely come within the scope 
of a volume on " sands,” but they may be briefly described; they 
consist of a fine material discharged by rivers, etc., into the sea, 
the coarser particles having been deposited nearer the shore, 
together with materials produced by the disintegrating action of 
the waves op the coast, volcanic dust, meteoric fragments, and 
the siliceous and calcareous skeletons of dead marine- organisms, 
including diatomaccae, sponge spicules, foraminiferae, pteropods, 
etc., the first three having siliceous and the last^wo calcareous 
skeletons. Owing to their solubility in sea-water under pres¬ 
sure, calcareous organisms do not occur at depths below 3000 
fathoms. Siliceous skeletons are, however, less soluble, and 
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occur* at tift greatest depths of the ocearivyet cxaAiined fover 
6000 fpthoms). • 

At the greatest depths, a red clay predominates, owing to this 
remaining in suspension after all the other materials liave settled, 
but many deep-sea deposits (Contain a large proportion of sand; 
they frequently contain no argillaceous matter, and consist wholly 
of noh-plastic particles. On account of their consistency when 
drawn to the surface, deep-sea dejAsits are fi\-,quently termed 
tnud.i, though some of them arc not plastii^ like most nuuls found 
on the surface of the ground. 

Volcamc rHiidi occur widciy in the Western Pacific, and Sonsist 
of fine fragments of lava, organic cahiareous matter, and some 
clay. Near the coasts they may lx? classed as sands, but at greater 
distances from Iqnd they pass gradually into the other forms of 
mud and finally into abyssal oor.c. 

Sands composed chiefly of foraminiferae, raiMolaria, diatoms, 
sponge spiaules, and other organic remains occur to a varied extent 
in various deep-sea deposits. Quart/, is gencu'ally absent from them. 

Pelagic and abyssal sands arc not accessible cxec|)t in very 
small quantities. The particles of which they arc coin[) 08 ed are 
usually extremely minute and (with the exception of thi' radiolaria 
and some other skeletal remains) they are usually well rounded. 

Littoral deposits consist chiefly of sanil and ]iehl>les. such as 
the tvell-known sea .sand anti shingle on the coasts. Itecently 
dopt)sited silt is found somewhat farther from the shore, but large 
littoral deposits of silt are found in the " warp ” of the Hnmfier, 
in the fells of Lincolnshire, Oaitibridge, and Huntingdon, in the 
flats and estuary of the Severn, in Morecamtic Bay, in the reaches 
of the Solway, and elsewhere. They usually consist of grains of 
medium size, the smaller ones being largely separated by the flow 
of the tides, but littoral sands vary greatly in composition and 
physieai properties. In some cases, the littoral deposits contain so 
much silt and clay as not to be rightly included in the term " sands.” 

Elevated marine saiute are usually of a very fine silty nature, 
and may contain a large proportion of clay. 

Marine deposits ai% usually wide and extensive. Their thick¬ 
ness varies according to the time tiuring which the deposition took 
place, but in most cases, the deposits are, remarkably uniform in 
thickness over large areas and are usually stratified. Marine sands 
usually consist of an irreMlar mixture of grains of many different 
sizes and of very variaWe composition, many different minerals 
being found. These sands are usually coarse, though some consist 
largely of very minute particles. (See also Chapter imder 
Sea Sands and Shore Satm.) 

Glacial Sands 

blacial deposits are closely related to those made by rivers, 
and ore form^ in a similar manner, but the materials composing 

TOL. I 
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them are/)ften jnuch/!oarser, as the solid ice which fonfta the glacier 
is iole^to carry much larger fragments and even boulders. A 
characteristic feature of these deposits is the peculiar scratched 
surface of the boulders, which apijcar to have been dragged forcibly 
along in a direction parallel to the hijl ranges arid Valleys in which 
they occur, or down which they have travelled. In some districts, 
e.g. the eastern counties of England, the Glacial Drift forms loose 
gravelly material consistinf of fragments of all the older rocks 
from granite to chalk. In other localities, both in England Md 
Scotland, large areas are covered by loose rubbly shingle and sand, 
formidg moimd-lik(^ ridges or flat-top]x;d irregular •mounds, as if 
the original gravelly deposits had been subsequently furrowed 
and worn away by currents of water. Deposits of glacial origin 
are often of large e.xtent and are usually uniforin in thickness and 
largely free from stratilication. 

The materials composing the great part of such deposits are 
gravel, quartz sand, limestone powder and clay, the»two firat- 
namod lieing of more importance to the readers of this volume. 
The degree of admixture of these various materials depends chiefly 
on the composition of tlu' rock or rta'ks from which the deposits 
were formed. Other glacial deposits consist of irregular aggrega¬ 
tions of tough clay and .sand with pebbles irregularly distributed 
through the beds. In some of the.se deposits, the clay is the pre¬ 
dominant material, the sand oeetirring in lenticidar “ pocljets ” 
or irregular strata ; in other jilaees, the sand and gravel predomhiate 
and tlui clay occurs in isolated mas.ses. 

The sands in glacial deptwits q)artake of the mineral’character 
of their respective districts ; thus, the glacial sand-beds derived 
from the Ooallields are usually dork-coloured and contain fragments 
of coal, shale, and other Carboniferous rocks ; sands derived from 
the Old and New Ited Sandstone are usually red ; those from the 
Oolitic and Chalk tracts are yellowish or grey. 

Glacial sands usually consist of well-rounded gi’ains of various 
sizes, together with a very variable pro|)ortion of pebbles and 
gravel. The latter may be removed by screening, and any clay 
present may be separated by washing the sand. As glacial sands 
arc very heterogeneous in character they are of limited usefulness. 

Fuivio-glacial SAjins 

Fluvio-glacial deposits are those formed partly by glacial action 
and partly by the action of water derived from the melting ice. 
They are very similar in character to the continental river deposits 
found in mountainous districts and arc slightly more regular than 
other glacial deposits, as they have been subjected to the sorting 
action of the water. The fluvio-glacial'deposits, in the valley of 
the Thames contain many different classes of niateriai, including 
pebbles from the Bnnter beds, sandstone, quartzite, tourriitdine- 
breccia, quartz-schist, and rhyolite. The sand and gravel deposits 
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foririfed byiluvio-glacial action arc soinctinieitKO ainiilar to fluyiatilo 
deposits that it is always diflicult, and occasionally iinpohsible, to 
distinguish them. 

Sands FOMfED by other Means 

In addition to the sand deposits fornie<i, as already mentioned, 
by the destruction of rocks ami thc*Sub.se(pient I’c-collection and 
concentration of the ])arlielcs by various natural processes, there 
are several other modes of formation which cannot Ik‘ (^lassiliert 
under those bawls. The (^hief are : * 

(a) Sands formed by the accumulation of the remains of marine 
animals arid jdants. 

(ft) Sands predueed by the preci|)itation of silica from solution, 
as the sandy incrustations around hot spj-ings, etc. 

(c) Sands produced by volcanic action, including tiilTs, etc. 

Sands produced by organic action may be of fresh-water or marine 
origin ; tlu'y consist of the skeletons or shells of ininuU- aquatic, 
animals and plants and of materials c.vudcd by these creatures. 
The more important of such de))osits aie : 

(1) (loral sands. 

(2) Shell sands. 

(3) Foraminiferal sands. 

(I) Diatomaecous .sands and earths. 

(.Ol.Globigerinal or radiolarian sands and muds. 

Coral sands arc prodmaal usually by the disintegration of coral 
rocks by the action of wav ,s, etc,, the debris collecting into beds 
composed of particles of various sizes (p. 32). The <’oral rocks 
are, as is well known, the consolidated rtmiains of calcareous coral 
organisms ((kiralliaria) which have accumulat'd by the deposition 
of the remains of millions of such in.sects in warm salt water. 
After continued growth, coral rock acquires a structure like crystal¬ 
line limestone. Much of the rock is (lisintegratcd by the action of 
the waves uijon it forming calcareous sand and mud which is carried 
away and re-deposited ; this remains sometimes as a loose sand, 
sometimes it is consolidated to form a .secondary coral rock. 

Shell sands are deposits of the calcareous shells of dcarl marine 
organisms. These are accumulated by marine currents, etc., and 
disintegrated to a greater or less degree, producing sands of varying 
fineness. Some shell sands consist of a heterogeneous mixture rf 
grains of quartz and minute shells; others consist wholly of frag¬ 
ments of shells. In some cases, shell sands are raised above the 
sea-level and are carried away by the wind, forming dunes. 

Foramlnlferi^ dlatomaceous, globigerlna, radlolaria and other 
sinq^ar sands are produced chiefly in the depths of the ocean by the 
accumulation of the minute skeletons and shells of calcareous and 
siliceous organisms. (See Marine Sands, p. 32; also Chapter III.). 
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8%nd8 ar6 sometin»fes produced by the accumulatioft' of no'dules 
fortnbd by the segregation of calcareous matter from sea-water 
around some minute organisms, as in the case of “ oolitic sands ” 
(Chapter IIL). Some plants, such as Chara, have the powbr of de¬ 
composing oai'bonatcs dissolves! in water and precipitating calcium* 
carbonate within their cell-walls. Others, including some mosses, 
form an incrustation on their exterior. Such deposits lead t'o the 
formation of various sinter# similar to those caused by evaiwra- 
tion ; .later, these largo accumulations of calcareous matter may to 
commiuuted and again esmsolidated by the solvent action pf water 
contaiding carbon dioxide in solution. • 

The “sands” produced by the precipitation or separation of 
substances from solution in springs, etc,, may be mentioned, though 
they are not stricdly sands. 'I’lie principal deposits of this kind 
are (a) chloride deposits; (6) sulphate deposits; (c) borate deposits; 
(d) nitrate, dejmsits; (e) carbonate deposits; and (/) siliceous deposits 
such as go.yscrite. • 

Volcanic sands are largely produced by the atdion of volcanoes 
which disrupt the rocks in their interior and throw out largo 
quantities of small particles of volcanic dust which are carried by 
the wind and eventuall.v fall on to the surface of the earth or into 
the sea. The size and density of the particles determines the 
distance to which they may Ire carried by the wind. The coarser 
particles usually fall in the immediate vicinity of the volcanoes, 
whilst the finest grains may las carried for humlreds of miles beiJore 
they are deposited. Volcanic sands frequently contain a large 
proportion of crystalline matter, dsjxioially towards the dlose of a 
series of outbursts. Thus, showers of leucite and pyroxene have 
betm ejected from Vesuvius, and pyroxenes coated with scoria are 
found on the flanks of Etna and Stromboli, whilst sanidine occurs 
in the ashes of Ischia, and much of the ash from Krakatoa consists 
of plagioclase, enstatite, augite, and magnetite. 

Tuffs are classified by Pudsou in three groups : (a) vitric tuffs 
eontaining a large proportion of glass dust; (A) crystal tuffs containing 
individual crystals; and (c) Klhric tuffs containing fragments of 
rock, but no obviously glassy or crystalline p'Jrticles. 
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THE OCCURRENCE AND DISTRIBUTION* OF SANDS 

Sands ocoiir in almost all ])aits of tlio world, though they are 
distributed in a very irregidar manner. 'Phey may. for (a)nvenienee, 
be divided into two groups: (1) those being formed now or within 
reecnt times, and (2) those formed in previous ages and now 
forming part of the sedimentary strata of tin: country. The 
former are the topmost isals of the Post-Plioeene system and 
inchide snperlieial deposits formed by thi^ recent disintegration Of 
ro^lks and, in .some eases, the transportation of the disintegrated 
material by wind, wat'r, oi- ice to some other location. In short, 
they represent a continuation (tf the processes by which the older 
sands have i)een formed. 

The second group includes sands which have Isam formed in the 
various ways described in irrcvious pages, but have l)ecn siibse- 
qucntly covered by other mati'rials and may also to some extent 
have been consolidated by j)ressurc. or as a result of the infiltration 
of water containing cementing substances in solution. Where 
consolidation has occurred to any great extent, sand-rocks or 
sandstones are formed ; .some of these, as ganister rocks and 
quartzites, when cruSlied, are of value as sources of sand. Ix) 08 b 
sands are chiefly confined to th(! more recent formations, as when 
they are deeply covered by rocks the pre.s.sure is usually sufficient 
to consolidate them, especially when other inctamorphic influences 
are also at work. 

In considering the distribution of sands it is convenient to 
arrange them in accordance with their geological sequence rather 
than their geographical position, as the latter is toasome extent 
accidental. ’Primary sands—so far as any such sands are known— 
are taken first and the others, as far as possible, in the order of their 
deposition. Owing to earth-movements of various kinds, some 
loaal deposits of sand do not lie precisely in the position in which 
they might be expected to occur, but these small irregularities do 
not detract from the convenience of the geological arrangement. 



38 


ARCHEAN SANDS 


TiBi.K IV. —Akranuumkmt op Rocks and Rock Sy.sTKMS 


Km or Period. 

• 

Syntcni. 

Post-I’ortiary. 

j 

I^ost-PIiocono. 

Pliocene. 

Cainozoic or Tertiary . j 

Miocene. 

Oligocene. 

Kocene. 

* j 

(^•eUuieouw. 

Mesozoic or Secondary . . , 

JuroHsic. 

i 

'I’riassic. 

1 Nowtir I’uliMio/.oic ( 
1‘alH^zoic or 1 Boutozoie | 

I rimary j p^laeozidc ( 

1 or ]*roto/.oic | 

Kozoic. J 

Permian. 

Carboniferoufi. 

Devonian and ()l«t Red Sandstone, 
Silurian. 

Ortlovician. 

(^iinbriari. 

Metamfirjiliifr. 

Arehean. 

- _ _ • . . _ 



AROHEAN SYSTK.M 

Archcan rocks only <amtain relatively small |)ro])ortions of sakd, 
and such material is usually so intermingled with the rock that 
it must be separated by w'ashing,•screening, or other mechanical 
means. Consequently, these rocks as a whole do not directly furntsli 
much natural sand. They can oidy do so when tlie rock has 
undergone considerable disintegration, as part of the granite of 
Cornwall, Devonslure, and elsewhere from which china clay and 
kaolin are obtained, together with consi<lerablc qtiantities of sand. 
(See China Clay Sands, Chapter HI.). 

In addition to the small particles constituting such primary 
sands there are various igneous rocks, including iiegmatitcs, 
aplites, microgranites, and nuKlified granites. Which may Im! ground 
and so used as sources of sand which is very suitable for some 
purposes when the rocks are sufficiently free from iron compounds 
and other undesirable impurities. The cost of crushing is, how¬ 
ever, in many cases prohibitive and the igneous rocks—neing of a 
complex character—seldom produce sands of high quality. Some 
rocks which contain clastic fels|)ar may, when crushed, be of value 
for glaas-mal'ing, as, for example, granophyre from Brandy Gill, 
Cumberland. 

The portions of igneous roeks composed of almost pure quartz 
are, unfortunately, generally useless on account o{ the great cost 
of grinding, sifting, and washing them. For many pmqxwes qlso 
the crushed rock is not so suitable as the incoherent sand, so that, 
except in rare cases, crushed quartz is of very limited application. 
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METAMORPHIC SYSTEM 

Tho'inetamorpluc rooks, which lie immediately above the 
primary igneous rocks, comjist of beds of clay which have been 
3onverted into schists and slates, and of sands which have bwn 
jonverted into quartzites. The distinction is not always clearly 
marked, and, in some cases, tJie hy|t)genic and epigenic. changes 
ivhich they have undergone are so great, and the proportions of 
added ijiaterials are so large, that it is now itiipo.ssiblc to say which 
were original^ strata of clay, which of sand, and whi<h of ^avel. 

The schists and slahs, iK-ing argillaceous in (diaracter, are outside 
the scope of this volume. 

Mixtures of felspar, quartz, and mica may k) eonvcrtal into 
gneiss ; mica and quartz may form miea-schist, and the presence 
of talc or hornblende may give iis(3 to talc- (»r hornblende-schists. 

A metamorphic quartzite consists of a granular aggregate of 
quartz, derived from the iptaitz in primary igneous rocks by the 
action of pre.ssjire and heat, or of solutions of binding agents whieh 
jiermeatc the inttwstiees of the (piartz. Such (plal■tziU^s oeeiir in 
various parts of the L'nited Kingdom, inehiding the Isle of Anglesey, 
Argyllshire, and VVe.st Inverness-shiie. Quartzites kdonging to the 
Highland metamorphie rocks oceui' to the north of Portasknig and 
I’ort Ellen, Islay, Bonhaven Hay, -lura, Loi-h Is’ven, .Ap])in, Huror, 
titan Orehy, Dalmally, Isxli J'yne in Argyllshire, and Inverness- 
shire, but up to the present they have not been used (s)mmeieially. 

V^ein^quartz, associated with ipiartz-mica-sehists, occurs at 
White Rock, north-w'est of Tinaliely, Co. Wicklow, in a k‘d 10(1 
yards long, .'50 yards wide, and over 30 feet deep. It consists of 
pure white quartz, but at present it is not u.sed. Similar dejiosits 
occur near Ynsyslas, Cardiganshire, and in various jiarts ot tho 
west and north of Ireland, Wales, and Scotland, though they are 
often irregular and im|iersistent. Vein-quartz also occurs at Slievo 
More, Achill Island, and is used chiefly in the manufacture of 
scouring and abrasive soaps. At Kildownet, in the south of the 
island, a micaceous ljuartzite has also been worked for the same 
purpose. 

Metamorphie rocks form nearly the whole of the Outer Hebrides 
and occupy a belt of variable width in the west of Sutherlandshire 
and Ross-shirc in Scotland, Donegal, LondondeiTy, Mayo, and 
Galway in Ireland, and they occur in irregular areas in Pembroke¬ 
shire, Anglesea, Carnarvon, and the Midlands. They consist of 
massive homblendic gneiss with bands of schist, fel(jite, etc., but 
contain few*rocks of any commercial importance as sources of sand. 
A quartzite which occurs on Holyhe.^ Mountain, Anglesey, is 
crushed and u^d in the manufacture of silica bricks and also for 
fufnace linings. When sufficiently finely ground it may be suitable 
for the mamdacture of gloss. 

A sand resulting from the disintegration of a soft, white Dalradian 
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quailzite.associated/vith some calcareous material, Mich occurs 
on the slopes of Muckish "Mountain, some distance from Donegal 
(Ireland), is suitable for, and has been used for, the production 
of glass. As there is an abundance of sand, thero is no’need, at 
present, to crush the massive rock. • 

A similar deposit of Dalradian quartzite occurs at Port-a-cloy, 
Co. Mayo, and near Kentallen, Argyllshire. At the latter place, 
it is worked for sands for Ae filtration of acids and for grinding 
and refractory purposes. It has not been used for glass manu¬ 
facture, though it appears to be suitable. At Stonqjield, in 
Port-a*cloy Bay, Co. Mayo, sand obtained from h. decomposed 
quartz-inica-schist is used for various purjmses. 

Much of the sand found on the shores of the Isle of Jura, Scotland, 
is derived from the disintegration of Dalradian quartzites, and has 
in the past bt^cn used for glass-making. 

The beach-stftids of the Isle of Eigg, which are also derived 
from metamorjdiic rocks, basalt, etc., consist largely tif quartz, 
together with much kaolinised felspar and detrital minerals. 

CAMBRIAN SYSTEM 

The Cambrian rocks also include various quartzite rocks formed 
by the consolidation of deposited sands which might [lay for 
crushing to sand. The chief of these are the Hartshill and licj^ey 
quartzites, which occur in Warwickshire and Worcestershire 
respectively. The Hartshill quarjzite e.xtends from Nuneaton in 
a north-westerly direction, foj’iuing an outcrop a little over a quarter 
of a mile wide and nearly three miles long, and having a thickness, 
according to T. Eastwood, of about 900 ft. It consists of a white, 
pale pink or ])urplish, l)edded rock with shaly partings dividing 
it u() into the Upper or Camp Hill, Middle or Tuttle Hill, and Lower 
or Park Hill quartzites. It is worked at Hartshill near Atherstone, 
and at Nuneaton; it is crushed for use in the manufacture of silica 
bricks. 

The Lickey quartzite occurs in the Liekejr Hills, about 4 miles 
to the north-east of Bromsgrove and extending for nearly 2J miles 
between Rubery and Bamt Green, with a width varying from 
200 to 400 yards; it is worked at Rubery and RednaU. It is a 
hard, grey quartzite, slightly stained in some parts by iron, and 
is usw chiefly for road-stone, but has been used as a substitute 
for ground ganister for furnace linings. 

The quartzites of the. Cambrian system in the Midlands are 
not so pure*'as some others, but when crushed they .form useful 
sands. 

ORDOVICIAN SYSTEM ‘ 

f 

The Ordovician system consists principally of sandstones and. 
slates, and occurs in Central and west Wales, Co. Tipperary, 
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Irelwd, add in Shropshire, but the only ro(tk of importanca^as a 
source of sand is the Stiper Stones qudrtzite of ShropsliirtJ, which 
lies at the base of the Arenig series and crops out in a ridge between 
Snead and Pontesbury, the beds dipping steeply. This quartzite, 
which is worked at Nills Hili«nd Granlmnis Moor, near Habberley, 
consists of a fairly fine grey rock containing small jxibbles and 
interacted by veins of vitreous qui^tz. It is ground and used 
as a sand in furnace hearths and linings, silica flour, and for filtration 
purposes. 


dJluuian system 

The Silurian system oonsists chiefly of mudstone, clay, and 
limestone, and cqptains no material of a sandj’ nature of commercial 
importance, though some impure sandstones and quartzites occur 
in it. The (juartzite is largely the result of tilt! metamorphism 
of pre-existing sand-rocks. Some of the Silurian sandstones in 
the United States are used for glass-making. 


DEVONIAN AND OLD RED SANDSTONE SYSTEM. 

The Devonian rocks, which occur e.xchisively in IX'Von and 
Cornwall, con.sist chiefly of sandstones, flagstones, and limestones. 

<rhe Old Red Sandstone occurs in Herefordshire, South Wales, 
and Scotland in the corresponding position to the Devonian rocks, 
but is ah entirely different serk-s, consisting of sandstomw, con¬ 
glomerate, marl, and beds of impure limestone. The Old Real 
Sandstone occurs chiefly in the Ochil and Sidlaw Hills, Moray, 
Caithness, and Rosa, with a large Ixrlt skirting the (Irampians from 
Stonehaven and the Firth of Tay to the Krth of Clyde, in Scotland, 
and in the hills of Hereford, Monmouth, and Brecknock (Wye and 
Severn valleys); the formation occurring in irn-gular patches 
from W'ales to the north of Scotland. 

A number of small, isolated areas occur at Sedix-rgh, Strickland 
in Westmorland, Haycot and (dun in Shropshire!, and Prosteign 
in Herefordshire, whilst much larger areas occur Indween Bridgnorth 
and Ludlow, practically the whole of Herefordshire and Monmouth¬ 
shire, and the west of Worcestershire and Somerset, and from 
Abergavenny due south to Cardiff. 

A siliceous conglomerate occurs in the Upper Old Red Sandstone 
near Fairlie, Ayrslure, but though it has been crushed so as to make 
a sand for silica brick manufacture, it is no longer used for that 
purpose. W%en Old Red Sandstone is weathered the chief material 
formed is a sand, together with some “ marls,” but most of the 
Old Red Sandsfpne rocks are of little value as a source of sand, 
the^most useful being some of the quartz conglomerates found in 
Ayrshire and South Wales. 

At Abercriban, near Merthyr Tydfil, the Grey Grit of the Old 
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Reel Sandstone has formed a detritus of sand mixed* with-large 
and»*8man blocks of gn^y sandstone occupying a large area and 
being in places more than 10 feet thick. This sand is used for 
lining opeTi-hcarth furnaces, for jmddle, and as a substitute for 
ground gani.ster. 


CARBONJFhRlOUS SYSTEM 

Tlie Carboniferous System is rich in sand rocks; it may be 
divided into six sections, namely: (1) Calciferous Sandstjine; (2) 
MounCiin Limestone; (3) Yoredalc Rocks and Millstone Grit; 
(4) Lower (.'onl Measures; (5) Middle Coal Measures; and (0) 
Upper Coal Measures. The carboniferous rocks are widely dis¬ 
tributed in the ITnitcd Kingdom, th(! chief occi^rrences being in 
Central Scotland, Northern aiul Central England, Wales, and 
Ireland. » 

The Carboniferous System does not yield many deposits of loose 
sand, and is ehielly valuable for sand rocks such as sandstone, 
silica rock and ganister, w'hich are ground to the desireel fineness 
and then used for the manufacture of silica bricks, sand-lime bricks, 
and for furnace linings. They are, when crushed, also used for 
filtration and other purpo.ses in the same way as sands. In many 
eases, however, the interstitial cement renders the material of 
little value. In other eases, it diais not pay to crush the rocks 
owing to the proximity of other materials which need less prepara¬ 
tion and (am, thewdore, be worked more cheaply. 

The Calciferous Sandstones ‘which occur in Fifeshirc and 
Edinburghshire consist of hard siliceous sandstones which have 
been worked at Barnton, Currie Glen, and Graigleith quarries, 
in Edinburghshire, for use as building stone and for grinding glass, 
but they arc too hard and too impure to be worth grinding so as 
to produce sand. 

Hard (juartzosc rocks similar to ganister also occur at Kinghom, 
Fifesliirc, and probably extend inland on the same horizon. Soft 
and decomposed sandstones belonging to the Upper Calciferous 
Sandstone group occur at (!oolkecragh, nbrth of Londonderry, 
where they are white or reddish in colour and are used for inferior 
bottle glass. A soft white sandstone about 30 ft. thick occurs 
in the Calciferous Sandstone Series near Lower Kildress, Cookstown, 
Co. Tyrone, the upper portion Mng stained brown or reddish 
and containing wedges of femiginous matter. In the lower part 
is a thick bed of very fine sandstone, which is readily disintegrated 
on exposurt^and is used for glass-making. 

Carboniferous Limestone. —The Mountain Limestone includes 
numerous pockets containing sand which has been left after the 
removal of the limestone in solution by water changed with carbon 
dioxide. The largest pockets or “ swallow holes ” occur in ^the 
Mountain Limestone of Derbyshire and North Staffordshire. In 
Derbyshire the pocket sands occur in an area enclosed by Monyash, 
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Youle’greavtf Hartington, and VVinater, and (^taiding ‘noi'tliv^irda 
to the. junction of the limestone and shale l)e<ls. ■ * 

At Pai’k Mine, near Askham-in-Furness (Ijineashire), sand, 
covered ‘over thickly with boidder clay, oiaairs in pockets ipf 
haematite in the Carboniferous lamestonc. It is used for moulding 
steel and for lining stc'el converters. 

In'Staffordshirc useful deposits of sand occur near Oakmoor. 
jOther deposits arc in Flintshire at tfalkyn, Rhes-y-cae, I’antddu, 
etc., in Denbighshire, near Idandudno and .Miergele, at I'onway 
in Carnarvonshire, and in sonup [parts of Ireland. The AlK'rgelo 
deposits arc the only ones of much imiHirtanee, the others*being 
mostly small and not at lui'sent worked. Tlup pockets ar(' usually 
cup-sha|ied and contain iK’bbles, sand, ami white oi’ coloured clay, 
the materials beipg mixed to some extent with granular [lartii'lcs 
from the Millstone (bit rocks, which occiii’ above the .\jounlain 
Limestone, and also with mabaials dcrivi'd front other rocks as 
a npsult of glacial action. In .some of the Derbyshin' deposits, 
(l(Ws from the Hunter Sandstone. Pebble Beds, Kcuper .Marls, 
and Rhaetic formation are found, and in .some places lignites occur, 
forming beds similar to those in wbii li the Devonsliinp ball clays 
occur. (.See also (tani«U'r ('lia])ter 111.). Soiiu' of t he pock(‘t 

sands might be useful for gla.ss manufactiu'c, as at Brassington, 
Parsley Hay, and Abergele, but in most ca.ses they arc too irregular; 
theywre used Jis refractory materials when' they are sullicicntly jmre. 

tl’lu. [principal silica locks fouml in tlm Larbonitenpus Limestipiie 
Series are in North eastern Englanil, Nipi th Wales, and Sciptland. 

In Slirth-eajstfrn Kn'jinnd tltcrc are sevi'ial bisls ipf siliceipus 
rocks in the Carbipiiiferous Limcstipne Si'rics at variipus dcjiths 
to nearly 1100 ft. bclipw the .Millstone (bit. The piincipal Ipi'ds 
arc : (1) the Egglestipne silica rock or B(pmaldkirk ganistcr, which 
lies above the Fell Tipp Lim(“st(pnc; (2) tli(‘ Harthippc silica ripck; 
(3) the Rookhope bastard and |iencil ganisters; (4) the Fourstones 
silica rock below the Main Limestorup; (o) the Nattrass (bll ganisters 
below' the Undersett (pr Four-Fathom Limestone ; ((!) the Brigg 
Hazel rock above the Three-Vard Limcstipne : (7) the Lunedale 
rock between the Five*-Yard Lime.stone and the Scar Limestone. 

The Kgglestonc rock is wiprked at (.'astleside, near Consett, on 
an (putcrop sloping slightly to the east under a covering eipnsisting 
chiefly of shale. It consists of two tieds of white and blue ([uartzitic 
sandstone respectively, and is used in the manufaelure of silica 
bricks. 

The Harthope silica rock outcrops from beneath a ]ieat covering 
at Daddry Sheild, R.S.O., in Durham, and is emplwed for the 
manufacture'of silica and ganistcr bricks. 

The Rookho]ie ganistcr consists of a black |)cncil ganistcr and 
one of a lighter j'olour lying immediately above the Firestone Sill 
of the district, the top bed being the demsest and most quartzitie, 
and is more suitable for use as a refractory material than the lower 
bed which passes into an ordinary sandstone. 
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The Naltrass Gill ganister consists of two beds, thi'upper being 
a hard white pencil ganister and the lower a light or blue 
quartzitic sandstone separated by a thin bed of grey shale and sandy 
clay. It is worked at si’vcral places near Gold, Hill, Weardale, 
the product brdng used for silica brick manufacture. A nearly 
equivalent dejjosit also occurs telow the Undersett Limestone at 
Wensley, Yorkshire, which corresiionds to the Four-Fathom' lime¬ 
stone of Durham. ^ ^ 

The Brigg Hazel silica rock is a whitish quartzitic sandstone 
outcropping at Lanehead and Westgate in Wcardale and Harperley 
(Co. Dqrham), the material being used for silica bricks. 

The Lunedale rock occurs to the north of Lunedale valley, and 
consists of a fine-grained quartzitic sandstone whu'h is u.sed for 
ganister and silica bricks in the district. 

The silica rocks of Durham are used almost vdiolly for the 
manufacture of'silica and ganister bricks; they do not appear to 
have been tried for any other purjmse. ’ 

In Wales a white sandstone almost 23 ft. thick occurs in the 
Carboniferous Limestone at VV'aen, near Mold ( Elintsliirc), immedi¬ 
ately above an impure lime.stone. It contains little ferruginous 
matter, and is quite soft and easily crushed. It is largely u,scd in 
the manufacture of scouring soaj)s, and might also be employed for 
glass-making and refractory purposes. Similar deposits occur at 
Pant ddu and Minera, though they an; generally of inferior qraality. 

At Hafod, near Mold, a l)ed of sandstone about 12 ft. tfhick 
occurs below a limestone in the same formation, and is associated 
with boulder clay in some parts." Some of this material is ground 
for furnace linings. 

The Carboniferous Limestone rocks of Wales and Derbyshire 
also yield a sandy rock termed “ rottenstonc.” It is formed in a 
similar manner to the pocket sands by tht! solution of the lime¬ 
stone from impure rocks, a porouS, soft, .siliceous skeleton being left 
behind. The principal rocks from which rottenstonc is formed are 
dark coloured, impure, and often bituminous limestones, frequently 
containing eherty matter. In Derbyshire, rottenstone occurs at 
Ashford on Bakcwell Moor and at Wardlow'’Mires, as the result of 
the decomposition of a black bituminous limestone. In South 
Wales, rottenstonc has been worked in Brecknockshire, Carmarthen¬ 
shire, and Glamorganshire. It occurs between the valleys of the 
Neath and Tawe in the Main Ijmestone as thin bands in the shales 
with which it is associated, and is derived from a dark impure lime¬ 
stone which has been decalcified, leaving a porous, soft rottenstone 
free from grit. It has been worked to the south of Pwll Byfre and 
along the top of the limestone on the east side of the fiver south of 
Penwyllt station. It has also been worked as far as the east side 
of Careg-lem on the west side of the Tawe, where it is buried under 
the drift deposits. 

Around Ammanford, rottenstone has been worked along the 
outcrop of the uppermost beds of the Carboniferous Limestone as 
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far Llandyfan and in a small inlier at the s^uth-west'end of Tair 
Cam. It has also lieen worked along the eastern .side of Pert-yr- 
alleg in the Twroh Valley, at Cam Pen-y-t.'lognn and Cam Cennen, 
north of'Brynamman, and at (larn-bioa, near Llandyfan, Rotten- 
stone has also been dug anymd the base of Ca.sk'11-y-Cleifr and 
from the glacial drift south of Carnau Cwys. At the latter jdace, 
the drift lies in the dark-coloured limestone. 

Rottenstone is chiefly used as an abrasive for polishing marble, 
metals, etc. 

In S^Dllatid there are various potential supplies of ganistcr-like . 
8and.stoncs in*the (larboniferous Limestone Series of PeebltUshire, 
near Macbiehill and Carlops, in Isinarkshire, near U'sinAhagow, 
Gorebridge and Newtongrange in Edinburghshire, and to the south¬ 
east of Dunbar (Haddingtonshire). 

Siliceous sandstones also occur above the Main and Index 
Limestones res|X‘ctively near Carluke and Bishopbriggs in lamark- 
shire and hi the l/nver Limestone group near Stevenston (Ayrshire). 

The “ rotten rocks ” which occur in the Carlioniferous Linu'Stone 
or Millstone Grit around Gliusgow consist of white to pale brown 
sandstones containing about i).5 |kt emit of silica. They are crushed 
and ased as moulding sands and for the lusirths of metallurgical 
furnaces. Rotten rocks are worked at Aiiehenheath, and Monk- 
reddon, near Kilwinning, in the Carboniferous Limestone Series and 
also in the Millstom^ Grit (|). 4S). 

h\t Auchenheath (Isinarkshire) a grey, rooty ganister and a 
white sandstone (“ rotten rock ”) ociair immediately Isdow the 
Calmy o? Gair limestone, bcini* separati-d from each other by a 
thin seam of fireclay ; they are used for silica brii^ks. Some of 
the lower bed is used as a sk el-moulding sand. 

At Ijcvenseat, near Kauldhouse (Edinburghshin?) a 30-70-ft. 
bed of white or yellowish, friable sandstone called the “ Breieh 
sandstone ” occurs about 3(1 ft. above the ('astlecary Limestone 
in the lower part of the .Millstone Grit. The rock disintegrates 
readily on exposure, and was used chiefly for building purposes and 
for moulding pig-iron. It is now' used to a much greater extent 
for open-hearth furhaecs, steel-moulding, and for glass-bottle 
manufacture. 

A soft, white sandstone about 20 ft. thick belonging to the 
Carboniferous Limestone Series at one end of Ashgrove Loch, near 
ftlwinning, may be suitable for I'efractory purposes and glass¬ 
making. Similar sandstones associated with carbonaceous layers 
also occur at Cowrie and Plean, near Stirling, Kingseavil, near 
Linlitl^ow, GlenWg, and Hailes, near Edinburgh, , 

At Uplawmuir, the Caldwell sand obtained from a soft yellow or 
white sandstone is used for open-hearth furnaces and as moulding 
sand. „ 

.The Campbeltown sandstone occurs above the Main Coal, and 
is used for the hearths of open-hearth steel furnaces, also as a 
motdding sand and for glass-making. 
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The MHlstone O^t is a typical, hard, quartzes^ sandstone, 
alfefrnatihg with shales, which constitutes the lower beds of the 
Goal Measures and so is known to colliers as the “ Farewell Rock.” 
Where it is not so covered, it usually forms narrow area.4 immedi¬ 
ately around the great coalfields of ^Vales, Yorkshire, Derbyshire, 
the we.st of England and on the edge of the Northumberland and 
Durham coalfield, though soTne small areas of it are distributed 
irregularly some distance a*vay. Thus, to the south of Hexham 
and Haltwhistle in .Northumberland arc several such isolated 
areas, whilst miiiKS’ous others occur to the north-east of Scdliergh. 
A largi! area of .Millstone Grit extends from Ijiineastw to f^4tle and 
(Jarsfang. Another large tract occurs in West Devon, extending 
from Rarnstaple to Tavistock and from Bamj)ton to the Bristol 
(Channel, 

The Millstone Grit rocks vary in thickness in different parts of 
the country. Is the Mendip Hills, near Bristol, th(!y attain a thick¬ 
ness of from ,500-KMM) ft. In central England, the rock is 
lighter in colour and contains many pebbles of white ijuartz, pa.ssing 
sometimes into a conglomerate, and at other times abounds in 
grains of felspar, forming an arkose rock. It is thickest in ,South 
Ijancashire and Yorkshire, but to the north, in Northumt)crland, it 
dccrca.scs to about 400 ft. in thicknc.ss, and is i'\m thinner in 
Scotland. 

In Cumhcrlnwl a coarse yellowish-white, felspathic and slightly 
micaceous sandstom! occurs near High Harrington in associatiion 
with mixed shales ; it is ground and used as a .substitute for ganister 
and ganister sand. • * 

In I)nby«Mre a bastard ganister occurs in the Millstone Grit 
Series alnmt 12 ft. below the base of the Rough Rock at Ridgeway, 
Aml)ergate, and a silica rock termed “ latchfield’s Ganister ” occurs 
some distance ladow this in the same formation, but these deposits 
have not been, as yet, sufficiently well investigated to determine 
their uses. The waste material, left after preparing large blocks for 
building |)urposes, from the Millstone Grit rocks at Row.sley may 
be used for making common glass. 

In Yorkshire the Millstone Grit at Bentham is crushed for pig- 
bed sand. 

In North Wales the principal Millstone Grit rock of commercial 
value is the Gefn-y-fedw sandstone, which occurs in isolated areas 
near Mold and Minera and between Trevor and Porthywaen. * 

In Flintshire it is worked to the south-west of Mold as a source 
of silica sand for pottery manufacture. Another exposure in the 
same district is ground and sold as silica flour. At Graianrhyd the 
sandstone, which is about 60 ft. thick, is used as a source of silica 
sand and for refractory purpexses and for scouring and abrasive 
soaps ; near Buckley it is ground and used as sand for lining 
open-hearth furnaces. , 

In Denbighshire the upper part of the Cefn-y-fedw sandstone 
consists of a highly felspathic grit, whilst in Flintshire it consists 
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largely’ of })ebbly sandstones and grits. Thc^lx'st |)ortiona oj tbe 
bed consist of a qnartzoso sandstone with or without jM‘\>l)les»nnd 
containing very little felspar. Sucli bt^ds oeeur at Ffritli, Bwleli- 
gwyn, \Knera, and near Trevor, and are used for tbe nianufaeture 
of silica bricks; as a source,of sand for filter Is'ds, for (Incasing 
furnaces, and also for tin- manufacture of abrasivi' soaps. 

In SoiriA Wales there are large deposits of siliceous na^ks, tbe 
whole of tbe material used in the mandfacture of silica bricks being 
oblained from the Millstone Grit rocks wliii^h outcrop anumd tbe 
edge of the South Wales eoallield, between the Limestone and tbe 
overlying Coal Measures, and pa.ss under the Uav of Swansea and 
Carmarthen. The outero|> apixaus almost continuously for a 
distance of nearly 140 miles from Monmouthshire througli Breck¬ 
nockshire, Glamorganshire, and Carmartlnmshin', and from the 
western side of t.'armarthen Bay into I’emhidkeshire. The rocks 
are not available over the whok^ length of the outcrop as they are 
partially covered by the Triassiit rocks, especially near Cardiff. 
Along the northern margin of the eoallield the Grit is well develoiMsl, 
the dip of tlu! beds being much less than to the south and iti I’em- 
brokeshire, so that the outcrop is much wider. At the northern 
margin the beds may be dividisl into three distinct strata : 

Farewell Rock . . O-J.'itl ft. thick. 

Shale.KMt-KKtO 

Basal Grit .... „ 

On tlte north-eastern and sotith-eastern sides the various Ixals 
ar<^ less clearly delined and inoni shaly than to the north. To the 
south the formation consists of shales, i‘ongloiu<'rates, grits, and 
sandstones of great thickness, hut ap])arently small eoinmereial 
value. 

The Basal Grit .supplies the whoh' of the materials at ])resent 
used for silica bricks in the area, though there are am])le resources 
in the overlying beds. 

All three beds arc chiefly composed of (piartz |)ebbli'S and grains 
of various sizes. They vary from hard ipiart/.ites to soft con¬ 
glomerates or sandstones. The harder varieties are chiefly iised for 
silica bricks, whilst the softer materials are w'orked for hearth saixls, 
ganistcr mixtures, silica cement, moulding sands, and for com¬ 
position and paints used in foundry work. The principal districts 
where these b^s are worked include Dowlais, near Merthyr Tydfil; 
Penderyn, the Vale of Neath, and Penwyllt, near Neath ; the 
Black Mountain and the Vale of Tawe and Brynamman, near 
Swansea ; Llandybie, near Llandcilo ; Mynydd-y-gareg, near Kid¬ 
welly ; and Templeton, near Narberth. 

At Clydach, near Abergavenny, the basal bed of the Millstone 
Grit has been sTiggested as suitable for the pnxluction of ground 
silica'for lining open-hearth furnaces. 

The Millstone Grit in this area is much weathered in places. 
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formjng a loose sand which is used for the same pupJJoses 4s the 
solisrocli, but has tfie advantage that it needs little or no crushing. 
Weathered beds of this kind occur at Hirwaun, near Aberdare, 
and Pcnwyllt in Brecknockshire, Mynydd-y-gareg, near Kidwelly, 
Brynainman and Upper Cwmtwrch in Carmarthenshire, and in the 
Vale of Neath in Glamorganshire. 

The Basal Grit at .Mynydd-y-gareg has been crushed very fine 
and used as a polishing po\4Uer to some extent. Some of the soft 
sandstone at the base of the Millstone Grit around Carmarthen kas 
been dug for building sand. South of Castle-Cfich, yellow loamy 
sands ■'with bands of fine and coarse gravel to a depth of 32 ft. 
have been worked for building sand. The lower layer, which is 
about 7 ft. thick, is best suited for this purpose. 

In Durham the Ixids of Millstone Grit yield various fine-grained 
quartaose .sandstones, some approaching bastard ganisters, which 
are used for the «nanufaeture of silica bricks and as sources of sands 
for furnace linings, etc. The Grit is conveniently divided into 
throe groups, the two upper ones yielding fmu' Ireds of serviceable 
stone. In the topmost beds are the silica rocks of Castle Hill, near 
Consett, and those of Cross Quarry, near Stanhopi, whilst in the 
middle beds ans the rocks of West Butsfield Quarries, Consett, Sandy 
Carr, near Rcdgate, and Weathcrhill Quarry, near Spennymoor. 

In Central htcoUarui there are two important beds of siliceous 
rock lying respectively one above and the other below the Middle 
Fireclay in the Millstone Grit. In some places, there arc sevt>ral 
beds of ganister interstratified with fireclay, whilst in others only 
one btsd occurs between thick IxrJs of fireclay. At Boifnybridge 
(Bonnyside and Dykehead pits) both gankster beds are worked, the 
upper being the most valuable, but at Drum Mine and Grcenhill 
only one bed occurs. 

In Linlithgowshire, a white medium-grained sandstone occurring 
above the Top Fireclay is used for silica bricks. At Blochaim, 
near Glasgow, two beds of white sand.stone occurring in the upper 
part of the Millstone Grit are worked. The upper bed is about 
20 ft. thick, and consists of a hard white siliceous rock which was 
at one time ground for use in open-hearth'furnaces. The lower 
bed is more argillaceous, and is suitable for moulding sand. At 
present neither of these beds arts in use. These beds belong to 
those termed “ rotten rocks,” which are worked in the Millstone 
Grit at Drumcavil, Gamgad Road, Garnkirk, and Glenboig, chiefly 
for moulding sands, but also for furnace hearths and for making 
silica bricks. 

In Stirlipgshire, a white ganister occurs about 60 ft. below 
the Lower i^clay at Castlecary ; it is crushed and used for silica 
bricks. At Gartverrie, near Glenboig, a sandstone occurs 90-120 ft. 
below the Lower Fireclay; part of this bed is use^ for the hearths 
of open-hearth furnaces and as a moulding sand. Some has qiso 
been used for glass manufacture. At Levenseat (Edinburghshire), 
a soft decompmed sandstone occurs over shale beds in the lower 
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part ftf the" ARlIstone Grit formation, and is {overed in plare# by 
a thin, layer of Glacial Drift. It i.s ground and used for inferior 
glass-ware, and may also b<! nsed in metallurgical furnaces. 

Siliceftus sandstones also occur in the Millstone Grit at Kcllo 
Water, Dumfriesshire. • 

In helarul the Ballyeastle sand lies on the Carboniferous sand¬ 
stone,'and may have Is'en partly derived by tlu^ disintegration of 
this b<'d, and has been added to by Blown sand from the dunes. 
The material is used for the nmmifaeture of bottle glass. 

The J.ower Coal Measures consist ehieHy of argillaceous shales, 
sandstones, cdtils, and grits, or of whih‘ sandstones and daiBc oily 
shales (as in the Scottish Ixithians). They are ap))arently of 
Hiiviatile or lacustrine formation, though there is occasional evidence 
of marine deposits and of admixture with igneous rocks which have 
been brought to them by the action of (lowing water. The sand¬ 
stones may l>c very coarse and loose, or hue aiwh compact, as in 
gankler (see Chapter III.). 

Ganisti'r and ganist<'r-liko sandstones (K-eur in North Lancashire, 
Derbyshire, Durliam, and South Yorkshire. The most imisjrtant 
deposits of true ganister are found around Sheffield and in other 
parts of South Yorkshire ; they lie tx-tween Halifax Hard .Mine 
(!oal and the top of the Millstone Grit ; the b(^st beds being 
immediately Ijelow this coal and bearing the name Hard Mine 
Ganister ; they vary in thickness from a few inches to more than 
5 ft. A bastard ganister which occurs Ijeneath the Clay ('oal in 
some localities very closely rc.semblcs the Hard Mim? Ganister. 

The Hard Mine Ganister is chiefly obtained near Heelcy Woorl 
and Dr'cpcar and in the Little Don Valley between Stocksbridgo 
and Huddersfield. A bastard ganister occurs in places below the 
Hard Bed Band Coal and is worked at Bullhousc. These deposits 
are chiefly us(‘d for the manufactun' of silica bricks, silica cement, 
and ground ganister for furnace work. The beds dip steeply, and 
whilst they outcrop at Totley on one side of Sheffield, they occur 
at a depth of nearly 400 yards at Deepcar on the other side. 

In the Huddersfield, Halifax, an<i Leeds districts the Hard 
Mine Ganister occurs, toiHctimes m a ganister and also as a siliceous 
clay and a siliceous sandstone. 

At the base of the Ix)wer Coal Measures very pure and much- 
shattered Carboniferous sandstone, called the “ Guisedey rock,” is 
worked near Guiseley (Yorks.). It is crushed and used in the steel 
industry, and has also been employed on a small scale for glass- 
making. 

In Derbyshire the Sheffield ganister occurs around Beauchief, 
Dore, Totley, and Bullbridge near Amljergate, in the same horizon 
as in South Yorkshire. To the south-west of Chesterfield a ganister 
occurs above thg Alton Goal, and at Ridgeway, near Anibergate, 
a bpd termed “ GIo.ssop’s ganister,” which occurs about 100 ft. 
below the Alton Ck)al, is more correctly regarded as silica rock than 
as a true ganister. 

VOL. I E 
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Durham two riniportant beds of silica rock obcur Ifl tne 
Ijower Coal Measures. The upper bed occurs at Crook and Knitsley 
Fell, south of Wolsingham. The beds dip slightly to the north, 
and consist of fine-grained sandstones which are U8ed‘ for the 
manufacture of silica bricks. The lower l)ed occurs just above the 
Millstone Grit at several places around Crook and to the soqth 
of Wolsingham. In some places it is a true pencil ganister. Selected 
portions are used for the 'hianufacture of silica bricks and for 
jmg ganisto. 

In North Lancashire a poor (piality of ganister lies l)elow the 
Lower Mountain .Mine Coal, which is equivalent to the Alton Coal 
of Yorkshire, ft is used for the same purposes as ganister. The 
Warmden rock, wliich lies above the Inch Mine Coal and is worked 
in the Accrington district, may be useful for silica bricks, and when 
ground forms a substitute for ganister. Some of the siliceous 
sandstones of tile Millstone Grit in I.sinoaahire and Cheshire are 
crushed for moulding sand and sand for forge furnaces. ' 

In Scotland two siliceous sandstones occur above the lime 
Coal at Byreburn (Dumfriesshire) and appear to be suitable for 
silica bricks, furnace hearths, and possibly for glass manufacture. 

In Ireland a soft cream-coloured sandstone about 60 ft. thick 
occurs in the Lower Carboniferous Sandstone Series above the 
Main Coal of the Ballyeastle coalfield. The lower portion is easily 
crushed, anil is used for furnace linings and for glass-making. ■ The 
upper jiortion of the lieds contains shale bands and is, therefore, 
of lesser value. 

The Middle Coal Measures con^.st of grey shales and sandstones 
with scams of coal, fireclay, and ironstone. The greatest thickness 
is in North Stafford-shire. Some of the sandstones are red. 

The silica rocks and sandstones in these measures occur in 
Cumlwriand, Derbyshire, Shropshire, and Gornal in South Stafford¬ 
shire. 

" In Cumberland there are no true ganisters, but several silica 
rocks occur in association with the Clifton Little Main Coal at 
Branthwaite. and Flimby. At Branthwaite the beds crop out 
from beneath the overlying glacial deposits, "Whilst at Flimby they 
lie beneath a lied of 4 ft, of fireclay which occurs immediately 
under the little Main Coal. At Workington the ganister occurs 
beneath the underclay of the fireclay coal, which is about 50 ft. 
below the Little Main bed. These silica rocks are chiefly used 
for silica bricks and as a substitute for ganister. 

In Derbyshire the silica rocks in the Middle Coal Measures are 
worked at Biddings, to the north of Ambcrgate, where they occur 
as a fine-grained quartzite above the Tapton Furnace or Low 
Main Coal, and are used, together with Derbyshire" ganister sand,” 
for the manufacture of silica bricks. . 

In Shropshire the Kctley sandstone in the Middle Coal Measures 
is associate with the Fungous Coal at Ketley, where it is used 
for silica bricks and as sand for reheating furnaces. 
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Hi So7tth Staffordshire w a white or y<»ll()wish stone, lyown 
locally as “ Gornal stone,’’ which is worked at Fpiier Gornal, 
near Dudley. The stone is ground and u.se<l for “ eujxda sand.” 
The finhst gi-ades are sold as ” best white sand " for gasworks 
and for use as scouring sand. At the base of the Gornal stone is 
a , so-called ganlster, which is ground and used for wall-plastering 
and for lining bla.st furnaces. 

The Upper Coal Measures are composed of sandstones, fireclays, 
and bituminous shales, and seams of ironstone, coal, and limestone 
frequei\fly occur in them. They are Iwst developed in the Bristol 
and Soinersef coalfield, but they also occur in the Midlands. No 
sands or sand rocks of any commercial importance occur in the 
formation. 


PKIIMIAX SYSTEM 

The ft'rmian System eonsi.sts of red sandstones, marl, magnesian 
limestone, and yellow sands. Their di.stribution is not well defined, 
except in North and Central England, East Durham, Central 
Y'orkshire, Nottingham, and Shrewsbury, where the formation 
runs in an almost straight line fi'om Tynemouth to Nottingham 
and the magnesian limestone is inomincnt. 

The Permian Sandstones are very irregularly distributed. 
They consist chiefly of reddish samlstone, of mottled, purple, 
yefiow, given, and brown shales. The magnesian limestone yields 
calcareous fiagstones. The lowest Permian beds consist of a very 
variable *seric8 of sandstones, siftuls, ami clays of various colours, 
irregular thickness, and great diviTsity of elmracter. The Lower 
Permian yellow sands are often ipiiti^ incoherent, but arc frequently 
too deeply iron-stained and calcareous along their outcrops to be 
of much value, though they may !«• used for some purjioses. 

A somewhat important area occurs in iSoiith (Jiimberland, and 
extends from Wreay to Penrith, Apjileby, and Kirkby Stejihcn.’ 
A narrow' atrip runs irregularly along the eastern edge of the 
Durham coalfield from South Shields to Shincliffe. A small area 
occurs near ThorntofI in Yorkshire, another near Clithcroc, and 
various irregular strips near Ddgh (Jjincs.) and north and oast 
of Manchester, extending through Stockport to the Macclesfield 
Canal. 

In North Derbyshire the quicksands at the base of the Permian 
beds—^which are about 20 ft. thick—are used for building sand 
from pits at Barlborough and Pebley Pond. At Red Hill and 
Cresswell the sandy beds of the Midilk; Permian marl have been 
tried. At Barlborough the sand is sufficiently cohesive to be 
tunnelled from beneath the overlying clays and to stand firmly 
in the roofs and jvalls of old workings. 

The base of the Permian beds, from (,'lowne towards the York¬ 
shire border, consists of semi-incoherent sands, which replace the 
breccia in the corresponding position farther south. These sands 
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consigt chiefly of ratfjer fine-grained quartz sand of a.pale yellow 
coloifr, sometimes orange and red in jjatches, ami having the eon- 
sistoncy of a soft sand rock which is easily crushed; in places 
they are indurated with calcite, and occasionally studded with 
rusty brown pellets about ] in. in diameter and cemented by iron 
oxide. The beds, which arc variable in thickness and often cross- 
bedded, are much obscured bv overlying clays. 

Numerous and irregular sfiiall areas occur in Shropshire, notably 
(1) aroiiml Shrewsimry, (2) north of Oswestry to Oresford, (3) south 
of Newport to near Kidderminster, and (4) ea.st of Market Drayton. 
Similaf irregularly sha|>ed areas li(^ around th(! South Starfordshiro 
coalfield, particularly between Sharcsbill, Wolverhampton, Stour¬ 
bridge, iiicki!}’ Hill, and West Bromwich. A relatively large area 
extends from Kenilworth to near Atherstonc, with unimjmrtant 
outliers to the north and west. 

The Boutherninost area of Permian sandstone extends irrcgidarly 
from Nether Stowey in Somerset, through Tiverton and Kxeter 
to Torquay, with a W'e.stward branch fi'om Silverton to Exbourne. 


TRIASSIC SYSTEM 

The Triassie system w'as at one tium included, together with 
the Permian system, undiw the general title of “ New Red Sand¬ 
stone,” but is better considered separately. The Trias bcd.svof 
Great Britain may bo divided into three distinct sections as in 
Table V. ‘ ' 

Tablk V.— Tbiassk- Svstem 

1. Rhaetic.Shales and limestone. 

2. Upper Trias or Keu[)er . . Now Red marls and waterstoncs. 

3. Banter .Sandstone . Upper Mottled Sandstone, Middle Bobble 

bed, and Lower Mottled Sandstone. 

Both the Bunter and Keu|)er .series indicate sea and desert 
conditions, with much wind-drifted material. The Trias marls 
were probably formed by a fine dust borne ftom some arid district 
and deposited in a salt lake, forming marl lieds with layers of 
gypsum in between. 

The Rhaetic Beds follow the upper limit of the Keuper beds 
(i.e, between Trias and Lias). They comprise grey marls, black 
shales, and White Lias limestone, and are moiit developed east 
of Taunton and in the Polden Hills at Sedgemoor. The Somerset¬ 
shire Rhaetic beds, formed of black shales and White Lias limestone, 
lie under the Lower or Blue Lias, which is extensively quarried 
for stone, lime, and cement. They consist of thin-bedded shales, 
clays, and sandstones. , 

A greenish-grey Rhaetic sandstone which occurs at Morriijton 
(Glam.) is worked ns a material for silica bricks and furnace linings. 
The Kauper Beds consist of clays with thin layers of sandstone, 



BUNTER SANDS 


S3 


veiift ami’ nodules of gypsunii and iiniK'rsis\cnt beds 'of roe^ salt. 
They, are ehiefly found in Cheshirt^, but nl.sn oceur in the Sftiway 
basin and down towards the Mersey, wlien- they merge into “ that 
broad Belt of nal sediments whieh stretches diagonally across the 
whole country from Durham to South IX'Von." 

The Kevper Wninrslones <'onsist ehietly of soft sandstones, 
which around Higher Bebington, (’luwhire. aie 30-40 ft. thick, and 
are (Tushed for use as refractory mflterials in the iron, steel and 
eo|)[)er industrii's and also for bottle glass. The chief disadvantage 
of this, material is the clayey siibstanee in il. At .Mdi-rley Edge, 
Cheshire, are*large tips of sand, derived from the Keuper watBr-stones 
whi(4i liav(^ been worked for eop]K'r and lead. It might lx- suitable 
as a sand for bottle glass, though it is remote from glass-making 
areas. 

The Keuper waterstones in Derbyshire are thin, red and greyish 
flags interstratiiied with red marls. Tliey fornt a flaggy, sandy 
base to the lower part of the KmijH'i- marls and are oidy a few fta-t 
thick. 

The Keuper beds extend, with som(> interruptions, across the 
country from Axmouth and Sidmouth to the mouth of the Tees, 
forming valleys in tlu' south and west of England, the Vale of 
Taunton, and to the east of the .MaKs'rn range. The beds extend 
over the eastern half of Nottinghamshire, the west of lancolnshire, 
and reach into Derbyshire and Staffordshire. 

• The upi)ermost portion of tlu; Keujx'r Issls is widely distributed ; 
it cun be tracral from the <’oa.st of Eaneashirc to the Bristol (.%annel, 
and covers a larger area in the’Midlands than the rest of the Trias 
ami the whole of the Peimian Sandstones combined. It also 
occurs at Budleigh Salterton in the south of Devonshire. 

KeuiJer beds also occur in ])atehes along the w'cst coast of 
Scotland ami along the east coast of Ireland. Pebbly sands occur 
near their base in the neighbourhooil of Belfast, 

The Bunter or Lower Trias is usually divisible into the lipjier 
Mottled Sand.stone, a middle Is-d of conglomerate, and a lower 
bed of Mottled Sandstone. One large tract of this formation extends 
from Annan in Sifdland to lyongtown and Brampton, thence 
southwards to Brough in Westmorland. This formation also extends 
along the coast from St. Bees to .Morecamlx) Bay, West Hartlepool, 
and Darlington, across the Tees to Northallerton and somewhat 
south of Ripon. when? it is dividfsl by mon- recent deposits, but 
covers an area w'cst and south of York and, in an irregular manner, 
the districts west of Selby and Snaith. 

Between Thome, Doncaster, and Bawtry, and southwards to 
Nottingham, the Tria-ssic area is broad and imjmrtant, Retford 
forming its most eastern boundary and Mansfield its most western 
one. The Triassic areas in Derbyshire and Staffordshire are 
irregular—a small one at Morley and another extending from 
Repton-on-Trent through Church Gresley to Nether ^al in 
Leicestershire. 
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,Tljc banks of the .river Trent present many good .sections of 
those'strata, ns at the junction of the rivers Trent and Soar, where 
they are pierced by the lied Hill tunnel on the Midland Railway; 
and at Radcliif-on-Trcnt, where they form picturesque fclilfs of 
a red colour. The strata are also cxpijsed to view in many places 
in the vicinity of Nottingham, as in the'cutting for the old road 
over Ruddington Hill, in the Colwiek cutting of the Nottingham 
and Lincoln Railway, and Gd.)se Wong Road, leading to Mapperly 
Plains. 

A larger area of Buntcr Sandstone extends from Keddloston 
to Ashbourne, others around Longton, Whitmore, and Leek being 
equally significant. 

The Triassic area west of the Potteries coalfield, though 
nominally in Staffordshire, is really a portion of the large area 
extending across the northern half of Shropshire, southwards to 
Quatford and northwards to the borders of Cheshire. 

A large area of the Lower Trias extends from the Mersey (New 
Brighton and Warrington) through Chester to Ellesmere in Flint¬ 
shire. A branch of this lies totween Rhyddlan and Ruthin. A 
much-extended and irregular area reaches along the west of Lanca¬ 
shire from Cockerham through Preston and Orniskirk to Liverpool, 
east to Warrington .and Manchester, and south to Macclesfield. 
A large area extends from Stafford to Wolverhampton, Stourbridge, 
and Stourport, and another from Lichfield to Birmingham, with 
a small district around Liekey Hill bfdwecn these two areas. • 

The three divisions of the Hunter beds do not jH'rsist throughout 
the whole of the areas mentioned,* but in places arc very thin or 
wholly absent, whilst other portions may be avcll developed. ■ 

The Buntcr pebble beds arc light yellow, coarse-grained sand¬ 
stones with scattered, well-rounded jjebbles of quartz or other 
rocks. In places they change to a light-coloured grey sandstone, 
with bands and lenticles of conglomerate and occasionally a few 
pbbles. The stone rarely has a reddish tinge and sometimes 
has a mottled appearance on the weathered surface. 

The Lower Mottled Sandstone consists of bright red or crimson 
sandstones blotched with brown or yellow patches and free from 
rounded pebbles. In places it varies from smooth well-bonded 
red deposits to a coarser and paler red material which gradually 
chemges into the Bunter iiebble beds. The beds are impersistent 
aionjg the southern edge of the Notts and Derby coalfield and 
contain lenticles of breccia and thin partings of rod marl. It is 
frequently absent. In Derbyshire it is just over 100 ft. thick, 
the upper bed consisting of fine-grained red sandstone containing 
some clay or marl. The lower wds are more marly, and at the 
base thin lentieles of red marl alternate with soft fine-grained 
materials. The yellow mottling is rarely present here, but is seen 
at Nottingham. 

The Bunter beds yield various valuable commercial sands, 
particularly moulding sands, which are worked in many parts of 
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the area in.which Bunter sends are available, but cepcciallv in 
the Potteries, Nottinghamshire, and Yorkshire*. • 

Upper Bunter sands are worked for moulding sands at 
Birmingham Cemetery, where the face is 7()-S0 ft. tliick, being 
capped by only a very small amount of inferior sand which is used 
for building purpo.ses. These ImsIs are also worked b<‘twccn 
Stourbridge and Wolverhampton and in Worcestershire, near 
Kidderminster and Stourport, for wed moulding sand. Other 
Upper Bunter sands are largely used for building purposes. 

Some of the BunWr ja-bble beds have ix'cn \i.sed for building 
sand a3d the jx’bbly bands have Ix'cn screened for gravel. At 
Bawtry in V'orkshire they have been u.scd for making silica bricks, 
the material being carefully picked before use. 

Ixtwer Bunter sands in Yorkshire, are worked for moulding 
sand at Armthorix, Bawtry. Burghwallis. Doncjwter, Heck, Hensall, 
Snaith, and Whitehsy Bridge. At the four last-mentioned places 
around Selby the sands occur beneath the glacial Iwds. In 
Nottinghamshire they are worked at Hempslull, Umton, Mansfield. 
Nottingham, Sutton Junction, ami Worksop. The M.ansfield and 
Worksop deposits are amongst the most famous in the country. 
At Mansfield the Iwds arc 00-70 ft. thit^k, th(^ upjH'r 30 ft. or more 
being used as pig-lwd sand, whilst the lower 10-30 ft. consists of 
a soft brick-red sand which is well known as the .Mansfield moulding 
sand. At Worksop the Ixjds are 20-3r) ft. thick, the bulk being 
used as moulding sands; but some of th<^ low(w ))arts are very 
pure and are used for glass-making, and are also used for the hearths 
of open-liearth furnaces. Some of the inferior Worksop sand is 
used in the building industry. 

In Lancashire the lx)wer Bunter txals arc worked as moulding ■ 
sand at Ormskirk, where they are 70-80 ft. thick, and in l.'heshire 
they are worked at Runcorn from beneath the boulder clay, the 
deep-red sand obtained being used chiefly as a pig-bed sand. 

In Staffordshire, Lower Bunter Ixsls are worked at Wolver¬ 
hampton, where they are esprxdally fine, and are used largely for 
brass casting, and at Compton and Wombourne. Some of the 
South Staffordshire beds have also lieen used as a siliceous ingredient 
of firebricks, 

Bunter moulding sands are also workrM in Ixds about 30 ft, 
thick between sandstones at How Mill in Cumlxwland. 

The famous Belfast sands are of Bunter Age and are worked 
at various places in the vicinity of Belfast for mouldimr nurnoscs. 


JURASSIC SYSTEM 

The Jurassic system includes the Lias and Oolijte formationr, 
the former being of marine origin and the latter mainly lacustrine 
at estuarine. It includes a great variety of limestones, sandstones, 
marls, shales, and clays lying between the New Bed Sandstone 
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and the Chalk, the Lias forming the lowest group and.the Piirbcck 
bed* the uppermost ‘one. In Great Britain the Jurassic rocks may 
be classified as shown in Table VI. 

Tablk VI.—JuBA-ssic System 

» 

/ Upper Oolite. —Katuarine limestones alternating with sands and 
I clays {Purbcck Beds) fonnorly grouped with the Wealdon ; • coarse 
I and fine-grained qplitic limestones, with layers of calcareous 
I sand and concretions {Portland Stone and Shotover Sand) ; 
dark laminated clays, with gypsum and bituminous shale 
{Kirnmeridye Clay). 

Middle -Coarse-grained, shelly, anti coralline oolite, with 

calcareous sands and grit {Corallian Bocks); dark-blue clays, 
o 1 iTw J with subordinate clayey limestones and bituminous shale 
' j {Oxford Clay) ; shelly calcareous grit {Kellaways Rock), with 
subjacent blue clays. 

I Lower OoUlc.. —Coarse, rubbly, and shelly limestones {Cornbrash ); 
lumiyated shelly limestones and grits {Forest Murbh); sandy 
layers and thick-l>odded blue clay {Bradford Olay); thick- 
bedded oolite, more or less compact or sandy {Of^eat Oolite) ; 
flaggy grits tmd oolites {Stonesjield Slate) ; marls and clays, 
with soft marly limestone {Fullers' Karth) ; calcareous freestone 
irregularly oolitic, and yellow sand {hifcrior Oolite). 

Upper Lias. —Thick beds of dark bituminous shale ; l>eds of 
pyritous clay and alum shale ; indurated marls or inarlstone 
with bods of ironstone. 

, Middle Lias. —Sands, shales, and brick earths overlain with 
limestone. 

Lower Lias. —Dark laminated limestones and clays ; hands of 
ironstone ; layers of jet and lignite; lieds of calcareous sdnd- 
stone. 

The tiAS 

Tho Lias rocks consist chiefly of alternating layers of .shales and 
limestones extending from the Tees via the Cotswolds to Lyme 
Regis. 

The formation extends along the Yorkshire coast from Robin 
Hood’s Bay to the mouth of the Tees (Redcar), then south-we.st 
to Northallerton, and south-east via Thirsk and Rocklington across 
the Humber, and due south through Lincolnshire and East 
Nottinghamshire into Leicestershire. In the last-named county 
the area is much broader—the width being greatest from Leicester 
to Hambleton in Rutlandshire, but it narrows again on entering 
Northamptonshire and Warwickshire, and is then much broken 
up W Trias or obscured by overlying Oolite. 

Irom Warwickshire the Lias extends south via Banbury to 
Blotchington, and south-west through Cheltenham and Gloucester¬ 
shire to Bath and Bristol. It narrows down near Dursley, where 
it runs due south into Somersetshire, though in the last-named 
county it is often rendered inaccessible by alluvium. Here it 
spreads into numerous isolated areas, but unites again at Glaston¬ 
bury, and extends to the Dorset coast near Bridport and Lyme 
Re^. 

Isolated areas of Lias (usually limestone) occur in several 
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distribts ; bne of the largest extends from t<* near Wem 

(Shropshiijs), and another, rather smaller, oce\ii)ies the Welsh 
coast from St. Brides to near Cardiff. 

The Lias of the North of Scotland consists in sonu' parts of 
dark-coloured unctuous clays, in others of greyish black sandstone 
so fine as to resemble an indurated clay, or of l)eds of black fissile 
shale alternating with bands of coarse, impure limestone and studded 
with limestone nodules. These depcSits aiv of little importance 
so far as sand and sand rocks are concerned, there iH'ing only a 
few bedjj of a samly nat\iro of little practical value. 

The Middle Lias is mainly eomiawcd of sand and shales oferlain 
with limestone, and around Krome the Lias contains a variety 
of brick earths, sands, etc,, but the sand in thc,se lasls is seldom 
used scjiarately, .as it cannot be separated on a large scale at a 
commercially profitable raU'. 

The OuLri'E 

The Oolitic Bocks consist of limestone, grits, conglomerates, 
sands, and clays (often limey), and form a broad Isdt above the 
Liiki from Donset into Yorkshire. They arc stratified as shown 
on p. 56. 

The Purbeck Beds consist chiefly of shelly limestone, clays, 
and shales, with occasional sandy layers. Thes<? appear in various 
pliiccs btdwccn Swanage and St. Alban's Head. The Purb(?ck 
strata outcrop alongside the Portland beds in Dorset, in the Vale 
of Wardour in Wiltshire, at Swiftdon, ami on to Aylesbury. They 
lie immediately l)clow the Wealden deposits. The Hastings sands 
appear immediately above, them. 

The Portland Beds consist of a series of sands, sometimes 
glauconitic, and concretionary sandstones and clays, succeeded by 
massive oolites and freestones, with chert and occasional l)edH of 
clay. Unfortunately, the purer .sands in these deposits occur in 
relatively thin beds, much overlain by other deposits of small 
commercial value. 

This formation efftends from Durleston Head to St. Albans’ 
Head and forms mo.st of the Isle of Portland. It also occurs near 
Weymouth. In the Vale of Wardour, in Wiltshire, and continuing 
towards Oxford and Aylesbury, the beds consist chiefly of calcareous 
sandstone. At Shotover in Oxfordshire the beds are about 60 ft. 
thick and form large blocks of concretionary sandstone. The 
Portland beds are usually rather impure, and generally of a grey 
or brown colour. Below the Portland beds and above the Kimmeridge 
clays are the Shotover sands, which are not of any particular com¬ 
mercial value on account of the large proportion of lime and iron 
compounds in them. 

The Kimmeridge Clay contains no sand beds of much commercial 
value. 

The CoralUan Rag consists largely of marine oolitic limestones, 
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marjs, Coral Rag, calcareous sandstones, and sands udiich extend 
froih Weymouth to'Oxford, where it changes to a clay and con¬ 
tinues northwards into Yorkshire, where the sandstones are again 
developed. Beyond Aldcburgh the up[)er part of the Red'Corallian 
Rag passes into a shelly sand and gravel which extends between 
Dunwieh and Northwieh and Weybourne. 

A greyish-white, partially decomposed sandstone belonging to 
the Corailian beds occurs hi association with coal and oil shale 
at Brora (Scotland) and is suitable for refractory purposes, though 
the problem of transportation is difficult. The Corailian sands 
are chiefly clayey and calcareous, and are of inferiorvjuality. 

The Oxford Clay consists chiefly of stiff clays and shales, but 
at the base of this formation are shelly sandstones, sands, and 
loams comprising the Keltaways beds, which extend from Weymouth 
through Wiltshire to Bedfordshire, Lincolnshire, and Yorkshire, 
and also at Uigtin the Isle of Skye. Near Bedford and in Lincoln- 
jshiro the sandy Kellaways beds are well developed. -The sands 
in the formation are very irregular and were apparently laid down 
in com])aratively shallow water, in contradistinction to the clays, 
which are of deep-water origin. 

At Burythor|K!, near Malton (Yorks.), tlie Kellaways beds 
consist of cream or pale-brown sands 8-10 ft. thick, and very 
similar to those of the Inferior Oolite. The best qualities are 
suitable for bottle glass, and after some purification they may be 
used for glass of better quality. Similar, though less valuable, 
deposits occur in the same formation at South Cave and Newbald. 
At South Cave, Rstuarine sands (X;cur, and the two beds 'are mixed 
and used for moulding sand. 

The Lower Oolite extends from Saltburn, on the Yorkshire 
coast, over the York moors and southwards to Acklam. After 
a gap of some twenty miles a fresh area occurs at Newbald, near 
Beverley, and continues directly southwards across the Humber 
through Lincolnshire (Sleaford being its most easterly point in 
this county), through the east of Rutlandshire to Peterborough 
and south-east through Northamptonshire (where it is much broken 
up by Lias) and skirting Oundle and Thrapston in Huntingdonshire. 
This formation also extends across North Oxfordshire, the east 
and south-east of Gloucestershire, north-west Wiltshire to Bath 
and the Cotswold Hills, and southwards through cast Somersetshire 
to the Dorset coast at Burton Bradstock. The sands in this 
formation are for the most part too calcareous to be of much value 
as a commercial material. 

The Upper beds of the Lower Oolite series, including the 
Combrash and Forest Marble, consist chiefly of limestones with 
occasional beds of clay and sand. The beds crop out from Temple- 
combe by Wincanton to Frome ; at Charterhouse Hinton sands 
with white masses of hard sandstone occur. Sandy beds also 
occur in the Forest Marble of Wiltshire at Carsham and Malmesbury. 
In some parts of Dorsetshire the Forest Marble passes into multi-. 
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loloured clays and sands. Most of the sands .of these npper lieds 
ire of small commercial value. * • 

The Great Oolite, which lies below the Forest Marble. (•omj)ris<'s 
jn Upper*E.stuarine series of coloured clays, sands, shelly limestones 
ind calcareous clays, but it ia,vtry irregular. It crops out along¬ 
side the Forest Marble from Tchipleeombe by VV’ineanton to Frome. 

Various sand bs-ds occur in the Up|K‘r Kstuarinc Series in 
Oxfordshire and in the Oeat Oolite yiay, whiih series extends 
through Bedfordshire and Northainptonshii'e into Lineolnshire and 
Yorkshire. 

The most imiiortant of thi'.se are the SiirthiimitUm Saniln, Which 
consist of a series of samly and ferruginous beds «ith some ealean-ous 
bands rarely more than 100 ft. thick. Iti the low(‘r |)art of these 
sands the Northamptonshire iron ore occurs. It is a haul, dark- 
greenish-grey iron carbonate with grains of (piart/. and oolitic 
grains, the whole weathering into tlie brown ficrie hydroxide 
(limonitc). • , 

At Denford, (lorby, Warsford, AjK-tliorpe, Blatherwyke, etc. 
(in Northamptonshire) the Kstuarinc sands are worked for use 
in steel works and, to a small extent, for glass manufacture. 
Similar sands of inferior (piality occur at Tadmoi ton, near Banbury, 
where the lx>ds, 10 ft. thick, are as.sociated with |S‘at. 

At Huttons Ambo, near .Malton (Yorks ), the t'p|K‘r I'lstuarine 
beds consist of grey and yellow samls, with grey calcareous layr'rs. 
They are used for steel casting. Thi- lower Ixsls are mueli purer 
than the upfsir ones, and may also be used for the best tpialities 
of glass, iiteluding optical glass, ak<l for the hearths of o[xm-hearth 
furnaces. At Sancton the sands an- white, but very micaceous. 

As a general rule the Estuarine sands arc! not very puw^ and 
arc frequently rather calcareous, but, as shown above, some of 
them are of considerable value. 

The Fullers’ Earth formation Isdow the (!reat Oolite consists 
of grey clay or marl with beds of soft limestone, but contains no 
sand of commercial value. 

The Inferior Oolite, consisting of sands with overlying limestones, 
extends from Burton Brad.stock and Bridgeport to Ycxn'il, Bath, 
Dundry, and the Cotswold Hills. Several Ixxls of sands occur 
in the north-west of Oxfordshire. These sands are usually 
ferruginous and, in some cases, contain a considerable proportion 
of calcareous matter as well as heavy minerals and fine mica. 

The Mldtord Sands, which belong to this formation, consist 
of a mass of yellow quartzosc sands with occasional bands .of 
calcareous, concretionary sandstone, passing, in the Midland 
counties, into a dark-brown ferruginous and fossiliferous rock. 
They occur in Dorset between Bridgeport and Burton Brudstock, 
and extend from near Crewkeme by Ham Hill and Yeovil to Bruton 
and Doulting in Somersetshire. These sands cap the hills of the 
QIaatonbury Tor and Brent Knoll. Their thickness varies con¬ 
siderably in different localities; it is nearly 200 ft. on the coast 
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at Bridport and 15Q ft. in Somersetshire, but decreasel to 20-30 ft. 
in 'GlouccBtershins; farther north the Midford sands are seldom 
more than a few feet in thickness. Some of the Midford sands are 
exceptionally fine and might almost be termed “ dusts.” ’ 


CHALK OR CRETACEOUS SYSTEM 

*- 

The Chalk or Cretaceous system comprises the Hasting.s sa:nd.s, 
Wealden beds, Greensands, and various chalk deposits. The beds 
are divided into two groups according to their ’morfe of Origin, the 
Wealden beds and Hastings Sands (ttuviatile) being formed in a delta, 
whilst the Chalk and Greensands formations as well as the Speeton 
clay are of marine origin. The Punfield beds, which are cla.ssificd 
under the Wealden, are really of marine origiii but have become 
mixed with chalk in the beds formed by Iluviatilc action. It is 
probable that the great Wealden river or delta was ip, jnocess of 
formation at the same time as the marine fossils of the Lower 
Chalk were being deposited in other areas. As the sea advanced 
this delta was also submerged, so that whilst the iluviatilc dcpo.sits 
must Im! older than the marine oni's above them, the two kinds 
of deposits were to .sonn^ extent contemporary. The Marine or 
Ncocomian deposits extend down to the Jurassic rocks at Speeton 
in Yorkshire, but in the south of England only the upper division 
ap|)ears, and lies above the Wealden series, indicating the gradual 
submergence of the Wealden delta hrmeath the sea. 

The Wealden Beds lie immwliately above and may* bo said to 
form part of the upptT imrtion of the Oolite formation, being 
separated usually from the Purlieck beds by the Hastings sands. 
They are characteristically Iluviatilc in origin, and probably formed 
the delta extending in an easterly and westerly direction for at 
least 200 miles and north and south for 100 miles, but the present 
visible area is far smaller than this owing to the suiierposition of 
later formations—chiefly chalk. The chief Wealden area commences 
north of Midhurst, and extends in a north-eastwards direction 
through Surrey, and eastwards through Kent to the borders of 
Romney Marsh and Hythe and south-eastwards through Sussex 
to Eastbourne. The IxMs also form a large vale below the Lower 
Greensand scarp of Leith Hill and Hindhead (Surrey), extending 
to the north, west, and south of Ashdown Forest. 

Wealden beds, consisting of alternate clays and sands, also 
occur in the Vale of Wardour (Wilts.), and in Berkshire, Oxforilshirc, 
Buckinghamshire, Bedfordshire, and Cambridge, but are of small 
commercial value. 

In the Isle of Wight alternating layers of Wealden sands and 
clays occur on the southern portion of the island, and on the main¬ 
land they fringe the bay north of Swanage and round Lulworth. 

The. Wealden beds consist of— 

(1) Punfield beds, containing a little chalk. 
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(2)* WtaM-Clay, consisting of thick blue clays and brrtwn shales, 
septaria of argillaceous ironstone, and la-ds of snclly limestone. * 

The Hastings beds, which occur imniediatcK- Ixdow and occupy 
the elevated ground in the Weald at Trowbridge, Tunbridge Wells, 
Crowborough, Ashdown, .Mifvticld, Heathlield, and llastings, 
consist of— 

(1) Tunhridije WHIn mnih, about ^(M) ft. thick, which occur 
in fhc neighbourhood of the town of that name and are u.sed in 
the manufacture of tiles and facing bricks in conjunction with 
the local clay 6e])oaits. 'I'bcy are very similar ii> character M) the 
Ashdown sand beds. 

(2) Wmlhumt day, lot) ft. thick, which is u.sed in the manu¬ 
facture of eoniiuon bricks. 

(3) Ashdown mnds, about 150 ft. thick, which consist of a soft 

buff or white sand and sandstone. • 

(4) FairliylU day is about 300 ft. thick, and is similar to the 
Purbcck clays beneath. 

The Lower Beds of the Wealden. including the Ashdown and 
Tunbridge sands, are often cemented by calcariaius and ferruginous 
matter, .so that they are not usually of great value. Some of the 
purer Ashdown sands near Ha.stini;s and Rotherlield, and the 
Tunbridge Wells sands at Tunbridge Wells, Last (irinstead. Maylield, 
aiH^ Last Hoathhy, have been used for glass manufacture. On 
the coast the Ashdown sands (associated with lignits’) are exposed 
in the clifs above the Kairlight glays and form a ridge extending 
2-3 miles overlooking Hastings ; |)arts an; very pure and are suitable 
for glas-s manufacture. (Similar dejiosits in the .saim^ formation 
occur at Bulvcrhyth, where the thin sands ao^ covered by about 
30 ft. of sands, silt, and cla.v, but cro|) out at the surface not far 
distant, where, however, tlu'.v ari' less |mre. 

At Ashurstwood, near Last (irinstead, the Tiudwidge Wells 
sands forms a soft sandstone which is, in some places, somewhat 
ferruginous, but other portions are (put*' pure and are suitable 
for glass manufacture.. 

The Greensand formation is ou<‘ of the most important sand¬ 
bearing deposits in the country anil lies above the Wealden. It 
consists of two beds, named respectively Upper and ls)wcr Green¬ 
sand, separated by Gault clay. The sand beds ocrcur as shown 
in Table VII. 

Table VII.—Obeensasd Foiimation 

Upper Greenmnd . tlreonish-grey anil lirown sand and chert. 

OauU .... Stiff blue clay with septaria nudules. 

Lower Oreeneand . Green and brown sands with pebbles, beds of gault, 
chert, and limestone (Kentish rag) divided into— 
Folkestone beds. 

Sandgato bods. 

Hythe Iteils. 

AtherSeld clay. 
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UPPER GREENSAND 


•The beds are typically of marine origin and were fonhed in 
shallow seas after the subsidence of the Weald. As submergence 
increased, the beds ])assed into a fine soft white limestone known 
as chalk. The Greensand formation takes its name 'from the 
green grains of the glauconite (iroR silicate') which they containj 
The name is, however, misleading, as the general colour of these 
sands is dark brown. 

The Upper Greensand Be&s are not so important as thase occurring 
at the base of the formation, being leas pure and more indurated. 
They extend over a considerable area in the Isle of Wight, Wiltshire, 
and Kent. * 

In Kent there is a thin outeroj) of Upper Greensand fringing 
the northern boundary of the Lower Greensand, extending from 
Westerham to the coast. The beds consist of light-coloured 
quart/.ose sands and soft sandstones calcareous and glauconiferous 
in parts. In Bast Kent the Upper Greensand is only about 15 ft. 
thick ; near Godstone and Merstham it is 25-30 ft. an<l forms 
a soft white .sandstone. In the western parts of th(> Weald the 
beds are thicker but contain clay. 

In the Isle of Wight the Upper Greensand attains a thickness 
of about 150 ft. At Didcot in Berkshire it is about 100 ft. thick 
and consists of an upper bed of light .sand uith a lower b'd of dark 
gnon sand and a still lower one of hard sandstones with eherty 
beds. 

Near Devizes it is 150 ft. or more thick, but far from pure. " 

Upper Greensand beds also occur at Penselwood and Chard in 
Somersetshire, and outcrop along''the foot of the Chiltern Hills. 

T|ie Up{)or Greensand outcrops near Kingsclerc, and appears also 
from Alton to Petersfield on the borders of Surrey. 

The Lower Greensand Beds are of great importance and are 
largely employed, especially in the manufacture of glass, on account 
of their purity. They vary greatly in thickness, but the average is—- 


Folkestone beds 
Sandgate beds 
Hythe beds 
Atherfield clay 


. 150 ft. 

. IK) „ • 
.^ 200 „ 


. In the Isle of Wight they are up to 800 ft. thick, but thin off to 
the west and north-west over older strata. In the south of England 
the Lower Greensand is chiefly found in Surrey and north-west 
and south-west Sussex. 

The Folkestone, beds consist of light-coloured quartzose sands 
often full of sponge spicules with seams of chert and beds of grit. 
In mid-Kent the chert beds are more pronounced. To the west 
the beds are more ferruginous and the thick sands contain irregular 
beds of compact iron-sandstone and ironstone-grit, as in the sand¬ 
hills around Haslemere and Petersfield. 

The Folkestone beds near Godstone (Surrey) are rather irregular 
and ferruginous, and are subject to large variations in different parts 
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of the beds?" Some portions are sufficiently jjiirc to W employed 
for glass manufacture and for lining open-hearth furnaces, but'tlie 
bulk is used as building sand and for agrieultural and scouring 
purposes.' 

To the east of Godstone* around Oxted and Liinpsfield the 
Folkestone sands become rather coarse ami ferruginous, and are 
suitable for commoner glass-ware and for o]K'n-heart.h furnace 
linings. At Reigate (Surrey) they are*]mrer than round Godstone 
and are more regular, though some ealearcou.s matorial occurs in 
them. 1'ho berls in some places are 40 ft. thick, hut are also 
covered by v6ry thick beds of overburden u'hieh nmder *1110111 
difficult of access. The sand is used for glass manufaetiire. Similar 
though less valuable deposits occur also at Westerham. In Sussex 
the beds extend,from Midhurst to I’etworth, Fittleworth, Pul- 
borough, Storrington, Has.soek's (late, Ringmer, ami north of 
Eastbourne. • 

In Kent the Lower Greensand ('xtends from the south of 
Sevenoaks by Ashford to Hytho and SamlgaU', the u|)jKTniost lieds 
belonging to the Folkestone series. At Aylesford the Folkestone 
beds consist of pale grey or cream-coloured sands sloping in a 
northerly direction. They are contaminated, to some extent, by 
chalky matter, but the better qualities are used for glass of various 
kinds, and are suitable for lining oisui-luairth furnaces. At 
Hollingbotirne and Berstead the sniiit' la'ds are also worked for 
glass sand for use in bottle lnanufacturc^. 

The Kent beds are similar to those at Godstone and Reigate in 
Surrey, tlfe sands occurring in cafes as at the last-mentioned place. 
The lower beds consist of the Samlgat<! and Hythe beds, the latter 
containing soft layers of sand or •“ hassocks.” 

Several isolated areas occur in Oxfonlshire, one at Cliddesden, 
one three mUea south of Oxford, and another at Nuneham Park ; 
the main mass extends in a thin strip from Shellingford to near 
Devizes. On Shotover Hill the beds ovetrlie the I’ortland sc'ries, 
and near Oxford the sand beds are mixed with ochre and fullers’ 
earth. At the base of the Greensand at Seimd and Devizes (Wilt¬ 
shire) is a bed of pisdiitic iron ore 10-12 ft. thick, which is quite 
loose and friable and resembles a sand. The ore at the former 
place is used as a source of iron, whilst-some of the sand is used as 
a moulding sand. 

In Hampshire the Lower Greensand occurs at PeWsfield and 
extends in a north-west direction along the ].z)ndon and South- 
Western Railway to Guildford and thence almost due cast to 
Maidstone and via Ashford to Hythe. Another area extends 
southwards from Petersfield via Midhurst to near Eastbourne. 

The southern half of the Isle of Wight is largely composed of 
Lower Greensand, which is in parts (particularly near Ventnor and 
Chale) overlain by Upper Greensand and Gault. 

The Isle of Pnrbeck contains isolated deposits of Ixiwer 
Greensand. 
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The Lower Greensand occurs in the north of the Chalk area in 
Berkshire and Camllridgeshire. The Faringdon beds are probably 
on the same horizon as the Folkestone beds, but occur only round 
Faringdon (Berks.). They consist of thick, pebbly, ferruginous 
sands partially consolidated and full of sponges, polyzoa, echino- 
derms, inollusca and foraminiferae. The pebbles are composed 
chiefly of white quartz, but also include quartzite, veinstone, jasper, 
slate, etc., from palaeozoic rocks. 

The Lower Greensand in Norfolk is very different to that in 
South England. At Heacham and Castle Rising the middle portion, 
used' for brickmaking, consists of clay with loaniy layers and 
ferruginous nodules, but the Carstone above it is a good building 
stone. 

To the south of Leighton Buzzard the Lower Greensand crops 
out beneath the Gault clay and extends north towards Woburn 
and to the north-east towards Ampthill and Biggleswade. The 
hills of Woburn, Apsley Guise, and Ampthill in Bedfordshire consist 
largely of sand belonging to this formation, together with beds of 
fullers’ earth and some boulder clay. The sands of this formation 
largely consist of coarse material, wliich in places gives way to finer 
beds of cherty gravels and is associated with peaty material. They 
are suitable for a variety of purposes, particularly for filters, con¬ 
crete making, grinding, etc. The more ferruginous parts of the 
bods are used for building, whilst some parts are used in foundries 
and steelworks. Some of the better qualities of sand arc used in 
glass manufacture, and the cherty material is employed in grinding 
plate-glass. At Flitwick the stfnds are less pure than in the 
immediate neighbourhood of Leighton Buzzard, and can only be 
employed where their purity is not of first importance. 

The Lower Greensand beds also occur at Hunstanton, Sandring¬ 
ham, Downham Market, and in the neighbourhood of Kings Lynn 
at Middleton and Gayton, the formation occupying a thin strip of 
country on the eastern side of the Wash and comprising the 
Sandringham sands. The outcrop appears above sea level at 
Heacham in the north and extends southwards, becoming broader 
and attaining its greatest breadth between Sandringham and the 
Nar valley. The sand beds are for the most part thick and 
moderately consistent, but rather ferruginous. They consist chiefly 
of fine-grained, sharp siliceous sand of colour varying from pure 
white to buff or yellow, due to the presence of iron compounds and 
to the decomposition of pyritie nodules. Grey or greenish loamy 
bands occur in various parts of the beds and sometimes make the 
working difficult. The upper part of the beds, of a thickness 
varving from 30 to 50 ft., is the most valuable and comprises the 
“ white sands ” of this aeries. The lower part of the beds consists 
chiefly of green or ferruginous loamy sands containing phosphatic 
nodules and resting on the Kimmeridge clay. 

The Lynn santfi are used chiefly for glass-making, but some is 
also used for open-hearth furnaces and other refractory purposes, 
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for moulding sand, and for building. A small amount fa also used 
for abrasive purposes. The red sands of the Lynn beds are fised 
for making dark-coloured bottles. 

Near Gayton the beds Itecome less pure and more felspathic, and 
are used for inferior glass and also for fumace-heartlis. Similar 
beds occur to the north-east of Gayton, and vary from 30 to 40 ft. 
in thickness; they are covered by Glacial Drift, and are used for 
bottle glass. * 

The best [wrUons of the Lynn sand are approximately equi¬ 
valent te the Dutch and Relgian glass-sands imported into this 
country. ’ * 

At Hartweel, near Ayle.sbury, Buckinghamshire, the I^owcr 
Greensand beds arc worked for glass-making. To the west of 
Aylesbury, at Stqne, the sand is very pure and white, and occurs 
in a bed about 18 ft. in thickness, the sand being broken by inter- 
stratified seams of peaty and ferruginous materitil which make 
working srfmewhat difficult. This sanil is largely ust'd in the manu¬ 
facture of flint glass. The best qualities of sand from Aylesbury in 
Buckinghamshire are equal to, though of less exUmt than, the 
Fontainebleau sand, and are among the best glass-sands in the 
country. In some places in Buckinghamshire these beds have lost 
their sandy nature and have been cemented into a hard rock. 

To the north the Greemsand occupies a long straggling area 
from Grassby and Gaistcr to Spilsby and Alford in Linc<)lnshirc. 

In Ireland the HilHwnian Greensand corresponds to the Ijower 
and Middip Chalk beds of Englamh and consists of grwn and yellow 
glauconitic sands with teds of grey marl and cluwt, the sands in 
some places weathering to a red colour These beds vary in thick¬ 
ness from 10 ft. near Lame to 80 ft. near Belfast. 

The Gault which separates the Upper and Ixiwer Greensands is 
of no importance as a source of sand, iis it consists, for the most 
part, of a stiff black or dark blue clay of marine origin. It is 
occasionally sandy' and calcareous, and usually contains nodules of 
pyrites, raarcasite, and phosphate of lime ; layers of greensand and 
septaria also occur. 

The Chalk formatifin occupies a large area, ))articularly in the 
south of England, but it is unimportant as a source of sand, no 
noteworthy amount of commercial sand being obtained from it. 


TERTIARY SYSTEM 

The Tertiary System includes all the materials deposited after 
the Chalk and before the Glacial Drift. These deposits are usually 
well defined, some being of marine and others of fresh-water origin, 
and of somewhat loose texture. They consist chiefly of clays and 
sands, with sandstones, ^ts, and marls as accessories. They may 
be arranged as shown in Table VIIL 
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Pliocene . 
Miocene . 


Olicocene 

Eocehk 


Table Vllf.— Teetiakv System 

Mammaliforous Crag of Norfolk and Suffolk. Red Crag 
of Noifolk and Suffolk. Coralline Crag. 

Suppoaed, on palaeontological grounds, not to be repre- 
sented by any of our Rritisb strata unless tbe leaf beds 
of Mull, the lignites of Antrim, and the lignites of Bovey 
Traticy in Devonshire belong to this period. This is 
extremely lloubtful. 

Hamstead Beds, Borabridge Beds, Osborno Beds, Headon 
Beds. 

Barton Bods, Bracklesham Beds, Bagshot Bede, London 
Clay Bods, Oldhaven and Blackheath Ileds, Woolwich 
and Heading Bods, Bognor Bods, Thanet Beds. 


In Kngliiml tiio Tertiary rooks have suffered no internal change 
from igni'ous action, though they have been much displaced since 
thiur formation •; they now chiefly oecuiiy the basins of Ixindon and 
Hampshire, and are represcnttal by the steeply inclined .strata of 
the Isle of Wight. 

The Eocene strata are very important as a source of sands, 
many of the beds yielding valuable di^posits. They may be divided 
into two .seetioms, the Upper and Lower Eocene formations, the 
former containing the Ragshot, Bracklesham, and Barton Beds, and 
the latter the Thanet, Bognor, Woolwich and Reading, Oldhaven 
and Blackheath Beds, and the lAindon Clay. These Ix^ds are 
included in the London and Hampshire basins, which commence on 
one side on the northern coast of Suffolk and pursue an irregular 
course in a .south-westerly direction through Hertford (St. Albans), 
Essex, Kent, Surrey, and South Middlesex, Buckinghamshire to 
Berkshire (Windsor and Reading), and Hampshire. The beds also 
extend .south-east from Charminster (Dorset) and north-east along 
the edge of the Upper Eocene, which lies over them, through Cran- 
boume, Downton (ivith an outlier at Salisbury) to Tyeherley, then 
south-ea.st through Bishops Waltham, Bursledon, i’areham, Por- 
chester, Portsea, Havant, Chichester, Arundel, and Worthing to 
St. Lancing. Several outliers occur at Seaford. A narrow strip 
(i mile wide) lies across the Isle of Wight froril the Needles to Culver 
(fliffs. Commencing with several outliers at Great Bedwin, the 
beds also extend south of Hungerford, eastwards through South 
Berk.shire and North Hampshire (with large outliers at Great Fawloy, 
Winterbourne, Chieveley, Bradfield, Rea^ng, Mapledurham, Ship- 
lake, and Wargravo) to Windsor, Beaconsfield, with outliers at 
Turville, Taplow, Rickmansworth, Chesham, Abbots Langley, 
St. Albans, Uxbridge, through the greater part of Middlesex to 
Hertford. There are further outliers at Digswell, Dutchworth, 
and Sacombe. 

Almost the whole of Essex, except the coast and the chief 
river valleys, is of this formation, as is also North Kent. In the 
last-named county, however, the main mass ends at Dartford, 
and the remainder consists of a series of irregiflar areas, ail of 



THANET AND BOGNOR SANDR 07 

which are “to the north of the railway lirje from 'Umdoii to 
Canterbury. ‘ * 

To the north of lissex the formation eontimicH into Suffolk 
through Sudbury, Hadleigh, awl Ipswich. South and I'ast of 
Ipswich the formation iK-comes straggling and much overlain with 
Pliocene deiHisits, until it ends at Woodbridge and Orford. 

The Thanet Beds consist chielly of line sands and clayey sands 
of marine origin, together with lignfte, ))i>l)bles. eoloui-ed elavs, 
shingle, and loam, with laals of rolled flint and marine slieils. 
They nc^where exeeed (iO-SO ft. in thickness, and decrease west¬ 
wards. As tlfeir name im])lics, they are well develo|H‘il ifi the 
Isle of Thanet and in the northern part of Kent, hi east Kent 
they jiass downwards into thin beds of loamy clay, awl in some parts 
to a sandy marl. 

.•\t CharUmi (Kent) the up|M'r parts of the Thanet Is'ds are 
u.sed for bottle glass, w hil.st the lower part, w Inch rcSts on the Chalk 
formation,'is worked for the famous '* Hlaekfoot" moulding sand 
(" Erith samI "). A similar bed is worked in the vicinity of 
Rochester for use in bottle glass. 

Between Erith and (Vavford the beds are rather thin, hut they 
Is'conie thicker again at fSt. Mary Cray, where they ari^ heavily 
covered by Woolwich beds. 

In E.ssex the Thanet beds only occur in tbe extreme south, 
and in a thin irregular line from Ware to Ipswich. 

fl'owards the south and west of the liondon basin the Thanet 
sands become of small im))ortan(■<^ the only valuable outliers 
occurring'in Surrey, from the iJouth of Croydon to Beddington 
(where tlu^ sand, which is covend with gravel, is used for making 
sand-lime bricks), and to the south-uawt of Banstead, at VV'alton- 
on-Hill, Warren Fai'in, and on Miekleham Downs. In Berkshin) 
their place is taken by a loamy deposit, knmyn geologically as the 
“ biusement Ih-iI ’’ of the Reading series. 

The Bognor Beds, which occur between thet Thanet beds and 
the Woolwich and Reading series, consist ehicrfly of marim? loams, 
and arc not of importance as sourc(!s of sand, though tlu' sand 
in them is valuable as*a constituent of the material used for brick¬ 
making. 

The Woolwich and Reading Beds comprise a s<'rics of coloured 
sands, pebbles, and mottled clays of very irregular character. 
At Reading and in the Hampshire basin they are mainly of fresh¬ 
water origin, but east of Lonrlon they also contain cstuaro-marine 
remains. They apjiear to have Ireen doiwsitcd by a gntat river 
discharging into the Eocene sea near Woolwich, the estuary being 
occupied alternately by fresh and salt water. As the beds are 
trac^ westward they show increasing evidence of fresh-water 
origin, whilst eastward they become of an increasingly marine 
nature. These beds are most noticeable in the neighbourhood 
of the towns whose name they bear. The sands and loams of this 
formation are valued as additions to the fat clays from the same 
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beds which’ are used for the production of. high-cla^ tiles and 
terra-cotta. * 

The Woolwich and Reading beds consist of : 

(1) Alternating layers of sand and grey clay rich in fossil 

remains. • 

(2) False-bcddcd sands rich in marine fossils. 

(3) Reddish mottled plaijjtic clays devoid of fossils. 

The Woolwich beds are far less extensive than the Reading 
beds, and whilst well developed at tiharlton, near Chislehurst, 
and Bpnor, near Roehe.ster, th(^y are not found farther west than 
Croydon. Ea-stwards they develop into the Oldhavon-Blackheath 
series, and arc thickly covered with buff and white sands. 

Over th(! whole! of Middlesex, Reading beds occur beneath the 
I»ndon (!lay. 

In Suffolk tile Reading beds consi.sting of fine sands and loams 
are valiu'd in brick-making, being mixed with the highly plastic 
London clay, and in some cases used alone. The buff Reading 
sands of Norfolk and Suffolk and Essex have been suggested for 
gla.ss-making, but have not as yet Is-en used for this purpose to 
any groat extent. 

Between North Minims and Hatfield Park the Reading beds 
are about 23 ft. thick, and are covered by 7 ft. of loam, 20 ft. of 
Ixmdon clay, and several feet of gravel. Between Aldenham and 
Radlett the. beds are sandy and laminated. Near Rickmansworth, 
Watford, Hatfield, and Hertford the Reading beds overlie the Chalk. 
In some places the sand and pebble beds are cementi'd irtto a hard 
rock. Between Riekmansworth and Harefield the Reading btids 
lie on the higher gi’oimd, though with a straggling outcrop, and 
run northwards on the hill-sides. Near Perry’s and Moor Park 
there is a large patch of Reading beds (about two and a lialf miles 
long) which (unlike most of the formation of the district) is entirely 
free from a (!apping of London clay. 

A little farther south, at Harefield, the Reading beds consist 
of 8 ft. of grey loam and 16 ft. of mottled grey and rod clay, with 
alternate layers of sand and clay lienoath? but the layers vary 
considerably in thickness. 

Somewhat farther west, and immediately south of Amersham, 
two outliers of Reiading beds occur. To the east of Ohalfont 
St. Giles several other outliers of Reading beds again crop out. 
The Reading series is remarkably well developed around 
Beaconsfield, though mueh covered with gravel in places, except 
in the south, as at Hedsor, Brook End, and near Poyle, and inter¬ 
mediately at Hickenham. 

Still farther south—between Mumford and Edgbrley Hill, and 
expanding to both east and west—the Reading beds are extensively 
exposed, and, near Hedgerley, are about 30 ft. thick. 

Beading beds occur to the south-east of Salisbiuy, round 
Clarendon Hill and Downton and near Great Bedwin, whilst near 
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.he New Ffliest they are overlain by Bagnbot beds. Reading beds 
iccur in the nortli of Hampshire, extending from Farnborou^ to 
5ilchester and westwards to Kingsclere. They also oeeur to the 
louth of Winchester. In the • Hamjwhire basin the sands are 
iractically absent, only the clays l)eing present. 

In Sussex the Reading beds which occur at Newhaven and to 
;he we-st of Brighton are concealed by the Coombe rock. 

South of London the Reading b#ds are covered ; they were 
Eormerly accessible on the north and west of Froydon, but building 
Djxirations have stopped their use near this town. From a line 
joining Hog’i? Back, Merrow' Downs, Great and Little BorAham, 
Ashtead, Epsom, and Ewell, the beds nin in a southerly direction. 
Near Ix^atherhcad, Ashtead, and Epsom the beds consist chicily 
of a kind of sandy loam, which is used for gasworks refractory 
materials. There is a large outlier at Knowle Hill and to the south¬ 
west of Banstfmd at Walton-on-the-Hill, Warreir Farm, and on 
Mickleham Ihiwns the beds overlie the Thanet .sands. The 
Woolwich and Reading beds run almost due north and south-at 
Epsom, and swell out to a thhikness of many feet in one locality, 
yet decrease rapully in another. At Ewell there is about 20 ft. 
of clay and 10 ft. of sand, but, as already noted, the ta-ds may vary 
considerably in thickness in other parts of the same district. 

In the district round Aldershot the Reading ta-ds crop out in 
a narrow band, running east and west about a mih' from Weyburn 
and Tongham. 

In Berkshire the Reading la-ds usually lie too far below the 
Ivondon clay to be availnbl<^, fxce|)t for an inlii-r near Mount 
Scipput to the south of Maidenhead, which brings them to the 
surface, where they consist of light and bnlf-coloured sands showing 
oblique lamination, with irregidar la-ds and lenticular masses of 
mottled clays. 

The greatest developments of the Reading beds are in the 
immediate neighbourhood of Reading, though their extension 
farther west to Hungeilord and Marlborough is important. The 
sands are valuable, and are largely used, together with the clays 
found in the same district, for bricks, tiles, linials, and moulded 
terra-cotta works, etc., the combination forming one of the Ijost 
red-buming materials in the country. The main mass li(!8 to the 
east, west, and south-west of the tow-n, but large outliers occur 
on the chalk downs to the north at Caversham Park, Ghause Heath, 
Rotherfield, Peppard, and between Whitchurch and Woodcote. 
Farther to the east of the town of Remling the beds are thicker, 
but of little value. The beds usually have a superficial covering 
of gravel. 

. Although the general characters of the different beds are 
tolerably constant, they vary continually within small limits. 
Owing to this great variety each stratum must be kept distinct 
when working these deposits. 

Around Marlborough the Reading beds lie in patches on the 
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highest ridges on the chalk downs, and form the remdants of the 
maih Reading beds which once covered the Chalk. In Marlborough 
Forest the beds are too thin and too disturbed to be valuable. 

The Oldhaven and Blackheath Beds form bands of sands and 
pibbles. They occur near Blackheath, Bromley, and near Old- 
haven Gap east of Herne Bay, but are of small commereial 
value. 

The London Clay contuiifc no commercially useful Ix^ds of sand, 
but that which is mixed or stratified with it is of considerable 
valiK! in brick-making, the clay alone being much too pla.stic to 
maki^ satisfactory bricks. In some small areas, its at Watford 
Heath, the London <day overlies Ki ft. of clean sand, and at Harrow 
it is capped by Bagshot sands. 

The Upper Eocene Beds, consisting of the Barton, Bracklesham, 
and Bagshot bods, lie above the London clay, and oceixpy an area 
from (!hertscy nvnd Weybridgo west towards Woking, Aldershot, 
Chobham, Bagshot, Ascot, and Sandlmrst, and again between 
Beading, Newbury, and Kingsclcro. In the Hamjxshirc basin 
the.se beds occur over much of the New Forest and west to Wareham, 
and extend in a narrow strip right across the Isle of Wight. These 
btsls arc chiefly cotnprised in two large areas : (a) the London 
basin, which is enclosed in a triangle, two of whose sides are formed 
by two lines drawn from a point twenty miles west of Beading, 
one passing tlu'ough Norwich and tho other through Canterbury ; 
(6) tho Hampshire bitsin, wliich comprises tho Lsle of Wight and 
a trianguhir area extending on tho north to Salisbury, on the west 
to Dondiester, and east to NewAavon. Unfortunately, the sands 
in this largo area aro of small eommercial value, as the beds are 
small and tho sands very impure. 

Tho Bagshot Beds form the lowest strata of the Upper Eocene 
formation and lie normally above the J^ondon clay, but aro less 
widely distributed. The main mass of this formation occupies 
a large area bounded by Aldershot, Winchfiold, Eversley, Woking¬ 
ham, Ascot, Chertsey, Weybridge, Wokingi and Ash, whilst smaller 
patches occur between Beading, Newbury, and Kingselere. In the 
Hampshire area the Bagshot sands extend* over the New Forest 
and westwards to Wareham, and across to the east of tho Isle of 
Wight. The Bagshot beds also occur in the New Forest round 
Bournemouth. Though known as sands, they aro rich in clays 
of a loamy character, and the more sandy portions are excellent 
for mixing with the tougher London clay, but have little direct 
commercial value. 

In Essex the Bagshot series are limited to outliers near Brent¬ 
wood, Rayleigh, east of Epping, Highbeech, I^aingdon Hill, and a 
few smaller patches. The outlier extending from north of Rayleigh 
to just south of Hadlcigh and south-west to Benfleet is of a very 
irregular shape. Around Hadleigh it is covered with pebbly 
gravel, but the remainder is practically free. 

Bagshot sands form caps to the hills of Harrow, Hamstead, and 
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Higbgate. •.At jPinchle.v and Hendon cappings of bonidor clay, sand, 
and gravel occur. ■ , 

In Surrey, to the south of Esher, the Bngshot sands crop out on 
the higher ground, and are valuable deposits, though used only to 
a limited extent. In this district the area thc.v cover is a rough 
triangle, with its apices at "Esher, Ockshot Street, and ('obhara. 
The Ix)wer Bagshot beds’eonsist chiefly of fine vellow dayey sands, 
with irregular Ixals of multicoloured glay e.s 2 K‘eially abundant near 
Woking, Horsley, and Egham. They are also well develi)|M‘d to the 
eivst and south of Weybridge, Imt are much eov(Ted with gravel. 
At St. Georga's Hill and Weybridge the Bagshot beds are ve|;.v pale 
and comparatively pure. It is ])ossible that, they might Ik^ used 
for glass-making and for the hearths of open-hearth furnaces. 

There is a small outlier of Bagshot saTid at Wimbh'don. 

The Middle Bagshot l)eds in this district are less argillaceous, 
the clays being very sandy, and towards Winebliejd they giiulually 
thin oif.. They are covered by thick beds of Greensand. The 
Middle Bagshot beds are also prominent on the high ground forming 
St. George's Hill and Bed Hill. 

The Bagshot beds are most e.onsiiieuous in the district from 
which they derive their name, lying between Ascot and Woking 
and extending north-wcstw'ards beyond Bracknell. Here the lowin’ 
beds eonsi.st ebielly of a sandy loam winch is largel.y used in brick- 
making. 

• Around Aldershot the Lower Bagshot licds run in a north¬ 
easterly direction and westward to the Horne and Ewshott. To 
the west of Aldershot the Upi*;r Bagshot la’ds consist largely of 
sand ; the Middle Bagshot beds are well developed to the north¬ 
east and north-west of Aldershot, lieyond an outlier of Upper 
Bagshot sand. The beds consist of alternatmg layers of thin clay 
and good sand, and extend w'estwards towards Grookham. At 
Fordingbridge, in West Hampshire, the Bagshot sands are white, 
grey, or coloured, and are associated with )xiat. Whitsi Bagshot 
sands are also worked in the neighbourhood of Lymington and 
Broekenhurst in Hainjrshire. Near Marlborough, on the extreme 
end of the Londona basin, Bagshot sands cover the outcrop of 
Reading beds between Oare and Bucklebury. They are more fully 
developed to the south of the river, and consist largely of fusible 
clayey sands. Upper Bagshot lieds capped by gravel occur from 
Easthampstead Plain southwards to the further end of Chobhaih 
Ridge and westwards to Edgeburrow Hill, with three jtermanent 
outliers—one at Duke’s Hill and the others on Bagshot Heath. 
They contain very little clay except in a few portions where 
sandy “ rubber bricks ” are made. 

South and west of Wokingham the Middle and Lower Ba^hot 
beds are also extensive, and the town itself is built on an outlier of 
the latter. The Upper Bagshot beds are very scanty in this 
district. Eastwards towards Windsor the Barahot Ireds pass 
gradually into the London clay, and are frequently capped with a 
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stony deposit. The Upper and Middle Bagshot beds we the.most 
sandy—the Lower beds containing more clay, including the famous 
Dorset ball clays, which are associated with beds of sand of varying 
thickness. 

Kaolin-bearing sands containing a large amount of tourmaline 
occur, associated with ball clays and* lignites, in the Bovey basin, 
Devonshire, where they are worked for rtifractory purposes. South 
of Torrington in North Devc^i, clayey sands which occur in associa¬ 
tion with peaty clay arc also worked for refractory purposes. 

The Bracklesliam Beds occur on the east and west of the Isle 
of Wight, and consist chiefly of sands, marls, and loams, together 
with lignite beds. They contain no beds of sand of commercial 
importance. At the western end of the Bracklesham beds both 
they and the Lower Bagshot beds are very sandy, and there is little 
to distinguish the two. 

The Barton Qeds may belong either to the Eocene or Oligocenc 
formation, as there is very little distinetion in this country between 
the Eoeene and Oligocenc beds. They are similar to the Brackles- 
ham beds of the Isle of Wight, and occur extensively as loams in 
Hampshire and north-western Surrey. They are well developed 
between Lymington and Christchurch, near Portsmouth and 
Gosport, round Southampton, and in the Bagshot district. Like 
the Bracklesham beds, they contain few beds of sand of commercial 
importance, but some portions arc useful for building and foundry 
work, and at Longtown, near Southampton, the Barton beds (15,^t. 
thick) have been worked for glass sand for many years. 

The Oligocene formation occurs* in the north of the Isle of Wight 
and on the Hampshire coast. It consists of fresh-water and marine 
limestones, and clays which are grouped as the Headon, Osborne, 
Bembridge, and Hamstead beds. The Bembridge beds contain 
intervening layers of sand, but they are not of great importance. 
The Osborne series contains various beds of calcareous sands inter- 
stratified between shales and marls, but the formation is very 
irregular and of little value. The Headon beds consist of clays, 
mans, and sands, with occasional beds of limestone and seams of 
lignite. . 

In the Headon beds are some very useful sands, the most 
important being the Headon Hill sands whieh occur in Alum Bay,* 
Isle of Wight, and to the south-west of Yarmouth, where they are 
associated with beds of lignite and contaminated by ferruginous 
matter. These sands have been used for glass-making in the past, 
though not at present. Similar deposits occur on the opposite side 
of the Isle of Wight in Whiteclill Bay, but they are neither so pure 
nor so useful. 

On the Continent the Upper Oligocene formation near Paris 
yields the famous Fontainebleau sand, which occurs in association 
with lignites. 

The Miocene formation is supposed to be absent from the British 
strata, but on the Continent tms formation contains very valuable 
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deposits oDsand associated with braunkohic. The famous Lippe 
sand, which is largely used for gloss-making and for silica »aro, 
belongs to this formation, and occurs at various place's in Germany, 
including Dorentrup in Saxony. A similar deposit, known as the 
Hohenbooke sand, occurs at pohenbocke in Prussia, and is also of 
Miocene age. 

The Pliocene or Crag Merles consists of shelly sands and gravels, 
with occasional beds of shallow marint* clays interstratified between 
them. It is divided into three portions, as shown in Table IX. 


Tahi.k IX..I’l-ioeENK Kdumation 

A. Milinmaliferoiis Craa of Norfolk and Suffolk. 

(a) Forest Tied of Cromor. 

,(6) Woybounu) Crag. 

\i:) ChillcKford Crag. 

(d) Norwich Crag. 

B. Rod Crag of Norfolk and Suffolk. 

C. Coralline Crag. 

The ('oraUine Crag consists ehielly of shells and ]H>ly7.na in 
calcareous .sand, or it may be compact, forming llaggy beds of 
limestone. In some places it pas.scs into indurated beds of cal¬ 
careous sandstone from wbich the sludls have iKi'n for the most 
part dissolved away. 

,Thc Red Crag coiusists of a deep ferruginous shelly sand together 
with loam. It contains an abundance of marine shells ; many of 
them have been rolled and comiAinutcd. It o(*urs at VValton-on- 
the-Naze and over a great part of eastern Suffolk, from Kelixstowe 
to Aldeburgh. The upfier part of the lied (.'rag Ittjyond Aldeburgh 
passes into a pale shelly sand and gravel, which, together with newer 
deposits of like character, are groujxKl as the Norwich Crag series 
or Mammaliferous Crag, which extends from Dunwich to Norwich 
and Weybourn. 

Pliocene beds also occur in }iipcH in the ('halk at Ix-nham and 
other places in the North Downs, in tlromcr Forest, and also on the 
coast of Norfolk and Suffolk, but are of no commercial value. 

The Pliocene sands at St. Krth, Cornwall, provide the well- 
known Cornish Red and Cornish Yellow moulding sands, but the 
deposits are of very limited extent and will be worked out in all 
probability within a few years. 

Similar beds, probably of Pliocene age, occur near St. Agnes 
Beacon, Cornwall, the best beds occurring below the red sand and 
“ candle clays.” They have been used as refractory materials, but 
the deposits are not of large extent and would soon become 
exhausted if worked commercially. Most of the Pliocene sands of 
this country are very ferruginous and of inferior quality. The 
Belgian sands import^ for glass manufacture are chiefly of Pliocene 
age. 
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POST-PLIOCENE SYSTEM 

The Post-Pliocene System consists of— 

(o) Kecent deposits. 

(6) Glacial beds. 

The Glacial Beds consist of boulder* clay or ghudal drift clay, 
sand, gravel, and boulders. • They form a “ blanket ” over a large 
part of the country, jiarticularly in Northern England, Scotland, 
and Ireland, and are a product of a period known as the Glacial or 
Great Ice Age, when the surface of the land was covered with a 
thick and heavy i(w mantle, which in its seaward descent smoothed 
and grooved rocks over which it passed, forming the lower boulder 
clay, whilst masses laden with boulders and gravel from other 
regions were dropfjed on to the surfa(!e and carrfed by the glaciers 
which flowed over the land. When the glaciers melted they left in 
the form of a deposit the material known as Glacial drift or “ boulder 
clay.” This material varies enormously in composition, but is 
readily recognised by the peculiarly marked botilders and other 
stones found in it. Mo.st of the materials removed are carried away 
at the sides and on the surface of the glacier, and when deposited 
form a long irregular ridge or lateral moraine ; .some material falls 
through the ice on to the bed, and, with other material occurring 
there, is termed a moraine, profonde ; the material deposited at 
the end of a glaci(!r is called a terminal moraine. The drift left by 
the ice sheet usually has an imdulating surface w'ith mounds and 
de])rcsaions, the latter being the? sites of earlu^r lakes or marshes. 
The mounds arc composed chiefly of stones, gravel, and sand, with 
some clay. 

Towards the close of the glacial epoch the deposition of the 
boulder clay ceased and its denudation tegan. On the low plateaux 
of the eastern counties it is often succeeded by coarse gravels, 
largely composed of flint more or less water-worn. These occasion¬ 
ally include small intercalations of boulder clay, and have evidently 
been derived from it, and indicate movement by fairly strong 
currents. Similar gravels are found overlying the boulder clay in 
other parts of England, sometimes at great heights above sea-level. 
Occasionally the two are intimately related. Eor instance, a pit 
on the broad, almost level top of Gogmagog Hills, about 200 ft. 
above sea-level and four miles south of Cambridge, shows a current- 
bedded sand and gravel, overlain by a boulder clay, obviously re¬ 
arranged ; while other pits in the immediate neighbourhood expose 
varieties and mixtures of one or other material. But as true 
boulder clay occurs in the valley below, these gravels must have 
been deposited, and that by rather strong currents, on a hill-top, 
a thing which seems impossible under anything like existing 
conditions. 

Glacial drift is found alike on upland and vale, especially in the 
Midlands; but farther south its progress appears to have been 



GLACIAfi SANDS 76 

barred to some extent by the Chiltern Hills, and more definitely by 
Edgehill and the Northern Cotswolds, though there is a large tract 
of boulder clay between Dimmow and Eppiiig, with an apparent 
extension southwards to Hornchurch, where it lies below the 
Thames gravel. This drift tyvers the greater part of lauicashire 
and Yorkshire; it is well seen in cliffs at Blackpool, Filey, and 
Withernsea. The drift above the Lia.s rocks occupies the easriu’u 
part of Leicestershire. The drift of thi' Midlands consists of gravel 
beds and gritty loam. In Yorkshire, IhmIs of sand and gravel 
separate the more clayey portions of the glacial drift. In the north 
of Lincolnshire glacial drift occurs plentifully, with nuK'h glaiaal 
sand. 

Norfolk is largely covered by boulder clay, except in the west; 
and the same material is scattered irregularly over iSuffolk. North¬ 
east Norfolk has’ many fertile loams, with lighter lands of sand, 
gravel, and marl. The drift also covers much sf Wanvickshire 
and mostcjf East Shropshire, hut it is absent in Oxfordshire, except 
on the north-eastern border where it joins Buckinghamshire. 

In th<! Welsh valleys mueh graved is mixed with tin; drift. 

In Scotland the drift is very cxtcirsive in Als'rdeenshire, 
particularly in the east, where it is frequently more than 10(1 ft. 
thick. It also occurs exten.sivcly in Banffshire, Bute, Caithness, 
Dumfrie.sshire, Midlothian, Fife, Inverness-shire, Ferthshire, anil, 
in short, all over Scotland. 

• Ireland formed the western boundaiy of th(! British glacial 
drift, hut also appears to have l)ecn the centre of another ice-sheet 
radiating from Fermanagh. Ttie east and central |)ortions of 
Ireland are extensively covered by drift up to 100 ft. and more 
in thickness, which contains very little clay, being almost wholly 
composed of silt, sand, gravel, and stones. Th(! (Ircen Hills oi 
“ Kskers ” in the central plain are entirely (snnposcd of sand and 
gravel. 

There has been much denudation since the drift was first sprea(; 
over the land, as valleys have Iwen scoojxsl through it, .se|)aratinf 
it into outlying masses. 

The drift is often divided into two parts, the lipp'r and Ijower 
The lower drift consists largely of clay containing boulders, witl 
little sand and gravel; whilst the upper bt'ds contain very littli 
clay and few boulders, but consist largely of gravel, sand, and silt 
These upper beds are probably derived from a rcarrangemcn 
of the low'er ones. 

Glacial drift does not pay to treat mechanically in order to 
separate the sand from the other materials. All that can be done 
is to confine the workings to the more sandy portions of the deposit. 
For this reason a large proportion of the drift is of no commercial 
value as a source of sand, but some of it is useful. Thus the 
glacial sands of Lancashire between St. Helens and Ormskirk, 
at Crank, Rookery, Rainford, Ki^ Moss, Skclmersdale, etc., are 
worked to a depth of about 4 ft. The sands are brownish in colour. 
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and contain much peaty matter ; they are suitable .for common 
bottle glass and for the production of scouring soap. 

Fairly pure glacial sands also occur at Carstairs Karnes, near 
Glasgow, Parrock Hall, north of Barrow-in-Furness, and at Harring¬ 
ton and Workington (Gumberland)they are worked for pig-bed 
sand. Glacial sands occur in Durham, forming with various loams 
a bed about 60 ft. thick, the top and bottom portions containing 
the best sand. Glacial sani and gravel forms a low ridge to the 
south of Beighton, near Sheffield, where it is worked as moulding 
sand. Similar beds also occur round Mansfield. Small deposits 
of cosnmercially useful glacial sand also occur in •various other 
localities, but are not of great importance. Glacial sands are 
worked at Bentham (Yorks.) for moulding sand, and also at Heck, 
near Selby, for concrete and building purposes. 

The Bridlington sands occur at the bast; of'the boulder clay 
at Bridlington, •and con-sist of particles of argillaceous greensands 
somewhat shelly and rather thin. They havt; apparently been 
detached from an older bed. They have been tised as building 
sand, but are not very suitable for this purpose. The glacial sands 
round Carmarthen are loamy and somewhat micaceous. In colour 
they are yellow, buff, or grey, and contain minerals similar to the 
Lower Pliocene sands of Cornwall. These sands are used for 
building purposes. Some of the glacial deposits of Shropshire 
are worked for moulding sand. Drift deposits of sand and gravels 
and boulder clay partially cover the Lia-s and New Red Sandst<)ne 
of Warwickshire, the Chalk in Central Norfolk, and also to some 
extent in the west of the county? At Gorleston and other places 
shells are found in abundance in the sand. They also overlie 
the Crag Rocks at Kcnsingland and Pakefield, and to the north 
of Ijowestoft in Suffolk. In Suffolk they also occur at Sudbury 
and Ipswich. At the latter place they are worked for steel¬ 
moulding sands, and have been suggested by Boswell as suitable 
for furnace hearths. 

Sands occur in the drift deposits which cover a large part of 
Ireland, the sands frequently containing considerable quantities 
of marine shells. The “ manure gravels ” of Wexford belong to 
this class. 

The Recent or Post-Tertiary deposits include all those which 
have been formed since the “ drift,” and include the products 
formed by the action of the weather on many of the older rocks. 
They cannot be classified according to their position, but are 
preferably arranged according to the chief agent concerned in 
their origin, as is done in Table X. 

Table X.—Recent Deposits 

(o) Accumulations of sand, gravel, and alluvial silt in river valleys. (See 
Alluvium, Chapter III.) 

(4) Terraces of gravel, etc., in valleys, marking former water-levels. High- 
level and low-level gravels. 
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(e) Deposits^f sand, silt, shell-beds, and vegetable drift in eatniaries, fonn- 
ing deltas. • 

(d) Ancient deltaic deposits, forming alluvial plains, corses,' etc., partly of 

fresh-water ami part ly of marine origin. 

(e) Lacustrine accumulations now in progress. 

if) Lacustrine or lake silts filling ^p ancient lakes. 

(<;) Shell and clay marl fonncd in ancient lake basins. 

(A) Littoral silts, sand-drift^ shingle beaches, etc.; raised or ancient 
beaches ; submerged forests. 

(t) Pelagic or deop-sea deposits and accuiftulations, ns foraminiforal ooiee, 
red-clay, burden of Icebergs, etc. 

{j) Calcareous deposits, us calc-tuff, travertin, etc. 

{k) SiliceCms deposits, as siliceous sinter, eti;. 

(/) Saline and sulphurous deposits from hot springs, volcanoes, ck*. 

(m) Biiiuninous exudations, us pitch-lakes ami tlio like. 

(n) Vegetable matter, peat-mosses, jungle growth, vegetable drift. 

(o) Animal matter, shell-beds, coral-ieefs, osseous brweia, etc. 

(p) Soils—admixtmes of vegetable and animal matters. 

(7) Elevations and depressions <!auHed by earthquakes, 

(r) Displacements produced by volcanic eruption. • 

(ff) Dischargi's of lava, scoriae, tlust, im«l other matters. 

(f) Aerial or \vin<l-blown deposits, ok the sand-dunes of the Lancashire and 

other coasts, and the material ileposited under desert conditions. 


The most imjmrtant sands in these superfiidal de|)nsits are the 
dune and shore sands. The shore sands of Uritain are generally 
rather imjmre, and vary in colour from pale grey to dark brown. 
The purest are found on the Isle of Jura, which an' produced by 
the, disintegration of Dalradian (piartr.ites. There are also a 
number of fairly pure shore and dune sands in Ireland, the ))rineipal 
.ones being at Ardara (Co. Do/lcgal), Ballycastle (Co. Antrim), 
Coalisland (Lough Neagh), the shores of the river Foyle, Millisle 
(Co. Down), Portrush (Co. Antrim), Rosslare ((,' 0 . Wicklow), Sandy- 
niount Strand (Dublin), Silver Strand (near Wicklow), and Sutton 
(near Dublin), whilst other fairly pure dune and shore sands have 
been reimrted at Montrose, Al)erdeen, (Julbin, Bamburgh, Hartle- 
lK)ol, Blyth, and Lowestoft. There? are many other deposits, too 
numerous to name, of lesser purity which occur all round the coasts 
of Great Britain. 

The dune and shore sands in this country are usually ferru^ous 
except where they have been derived from the disintegration of 
some of the purer quartzites or sandstones. The purest dune 
and shore sands are used in some cases for glass-making. The 
Irish sands mentioned above have been used for this purpose, as 
also has the Jura sand. Only inferior qualities of glass, such as 
common bottle glass, can, however, be made from most shore sands, 
tho^h the Jura sand may be suitable for better-class goods. 

'Hie shore sand at Swansea has been used for the hearths of 
copper-smelting furnaces. 

llie less pure sands are used for a variety of purposes, including 
buildin^fconcrete, etc. 

Some of the shelly shore sands have been used for dresaiiu 
buid. Metalliferous shore sands occur in many parts of the world, 
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and arc valuable for the minerals they contain. Further informa¬ 
tion* on shore and blown sands will be found under their respective 
headings in the next chapter. 

Many river sands of recent age are dredged for various purposes. 
The Thames sand is used for eoncrote-making, brick-making, and 
as a moulding sand for casting iron. The sands of many other 
rivers are also used fpr similar purposes. 



CHAPTER HI 

THE CHIEF CHARACTERISTICS OF VARIOUS SANDS 

In this chapter the sands, and rocks from which sands arc dcrivial. 
arc arranged alphalxith'ally, the cliaractcristics of each material 
Ixang briefly indicated. This arrangement is more convenhmt 
than any other with regard to many of these materials. 

Abrasive Sands are used for grinding and polishing various 
materials. At one time only natural sands were n.sed as abrasives, 
but they have been largely rejdaeed by artitieial sands, juodueed 
by crushing emery, or tlie various nrtifi<'ial abrasives such as 
carborundum, corundum, etc. Many of the.se artiti<'ial .sands art^ 
known by trade names. (See also Carhorurulum, p. Hd, and 
Comindnm, p. !KJ.) 

Abyssal Sands arc (<xtensive masses of fine didrital material 
produced originally at great dej)tfis in the .sea, by one: or all of th(! 
following processes : 

(a) Transport of material from the land to the .sea and deposition 
in the latter. 

(5) Deposition of calcareous, siliceous, and other materials 
(including the dead casts of shellfish, organisms) from sea-water. 

(c) Dejmsition of material produced by subteiTamsan volcanic 
eruptions, etc., and thrown into the sea. 

The abyssal deposits usually consist of very minute particles. 
Their composition is extremely variable, though often very constant 
over relatively large areas. Deposits which are at present covered 
by a sufficient depth of water to be correctly termed “ abyssal ” 
are of no commercial value, as they are almost inaccessible. 

Adobe is a term used for a sandy material, sometimes containing 
a considerable proportion of clay, which occurs in the plains and 
basins of the Western States of North America and in some of the 
arid parts of South America, and is very similar to the “ loess ” 
of Europe and Asia. It is probably of fluviatile origin, though 
possibly partly due to aeolian action. It is not found to any great 
extent in this country. This “ adobe ” should not be confused 
with the adobe used in the counties of Devonshire and Cornwall 
and some parts of Somersetshire for building; the latter consists 
of a mixture of clay or earth, stones, straw, and hair. 
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Aeolian'Sands, see Blown Sands (p. 82). 

Alluvium is a general term used to denote any material derived 
from pre-existing rocks which has been carried by water from its 
place of origin to an estuary or other situation where the reduction 
of the speed of the water permits ,deposition. Alluvium occurs 
in deltas, mud-flats, and similar deposifs, and the particles may 
be of any size from the finest mud to pebbles ; usually, however, 
it consists of a mixture of silt and sand. 

Alluvial deposits occur very extensively in the east of England, 
in Yorkshire, Linc^olnshire, Cambridgeshire, and Nottinghfimshiro; 
also Around the Wash and on the coasts of Suffolk) Essex, Kent, 
and Sus.sox. 'I'o the west they are found in Somersetshire and 
I.iancashire, Imt seldom in Wales, except for a small patch to the 
south of the mouth of the Dovey at Llanefelyn and on the northern 
coast of the Bristol Channel lietween Portskewet and Cardiff. 

Alluvial deposits are sometittuw of considerable depth, those 
in the Thames Valley at Tilbury Docks being nearly (K) ft. deep. 

Alluvium frequently contains calcareous matter, the proportion 
varying in different districts, according to the conditions under 
which the deposit was formed. Many alluvial deposits contain 
metalliferous sands. (See Phr.ers, p. ITl, and Oem-sands and 
Gravels, p. 112.) 

The material found in vales filled with glacial drift or boulder 
clay is sometitnes termed alluvium, though a closer examination 
will show that it is of glacial origin. Hence the term “ alluvium ” 
when used by somi? writers must be understood as referring to 
superficial dejmsits as distinct from solid beds, rather than to those 
of definitely alluvial origin. 

ArAnes are sands produced by the decay of various igneous 
rocks, especially basic rocks such as trap-rock, basalt, etc. They 
are slightly hydraulic, and are similar, though far inferior, to 
pozzuofana (p. 130) and trass (p. 10.')). Table XI. shows the 
composition of some French ardnes. 


Tabi.k XI. -Chemioal CoMrosmoN or Auenes 



sio,. 

AI,0,. 

Fe.O,. 

CaO. 

MrO. 

AVa,0. 

K|0. 

St. Aatier (Vicat) 

38'S4 

20-0 

12-0 

8-0 

nd. 

nd. 

nd. 

St. Servan (Vicat) 

42 1 

23-65 

22-47 

trace 


1-28 

Chateaulin (Vicat) 

60-3 

23‘7 

10-3 

trace 

2-6 

3-2 


Argillaoeous Sand, see Clayey Sand (p. 92). 

Asphaltic Sands contain a varying proportion of asphalt or 
natural bitumen. They occur in various, parts of the United 
- States associated with the usual mineral impurities found in sands, 
ohdefly felspar and mica. They contain usually up-to about 20 per 
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cent of aspkalt, though some contain up to 60 per cent. They 
occur also in Alberta, Canada, Mexico, Cuba, and Trinidad, tin 
Europe they occur at Bastenncs, France, and Bikar, Austria. 
In Africa deposits occur in southern Nigeria. They are u.sed in 
the preparation of asphaltic ])avenients and other bituminous 
coverings. 

Backing Sand is the sand which is used to form the greater 
part of the sand moulds used by fou«idrvmen in casting metal, 
It is “ faced ” with a layer of facing sand so as to sccurii a smooth 
surface on the castings and to enable the details to be true to the 
desired shape. • . 

Bagshot Sands are of marine origin, and occur in th(; upper 
part of the Eocene formation. Their occurrence has been <ie.scribed 
previously (p. 70). The sands vary in colour in different parts 
of the beds from <vhite to grey or brown. They are siddom pure 
white, though the colour is not always a sign of ijie presence of 
an cxcessir'c proportion of iron compounds, as th(\v frcrpiently 
contain carbonaceous and |a‘uty matter, which discolours them 
but is fairly n^adily removed by washing or hurning. 

The proportion of impurities present varies considerably. In 
some cases as much as 24 jkw cent may be present, but in other 
localities the purer beds an^ quite low in impurities. In the 
Bagshot sands at Kordinghridge in Hampshire, according to 
Boswell, the impurities only amount to about I p<?r c(mt. The 
minjrals present chiefly consist of fcls).ar, ilmenite, hmeoxene, 
kyanite, tourmaline, zircon, and rutile, A little flint is also present 
in some cases. • 

According to Dick,' the proportion of the various minerals 
present is approxiniately as follows : 


Quartz . 

. 7;) 

ZiixMm . 

. o-r» 

Felspar . 

. 20 

Kutilo . 

. 0-2 

Iron ores 

2 

Toiirnialino . 

. 01 

Clay 

1 

Various 

. 1-2 


The proportion of iron present usually exceeds 2 jht cent in 
the more impure beds, but is much smaller in the jmrer ones. 

The texture of the sands varies (onsidcrahly in different localities, 
and no general summary can Ire made. At Fordingbridge, according 
to Boswell, about 88 per cent of the grains are between 0-25 and 
0-5 mm. diameter, whilst the total amount of true sand is about 
99’5 per cent. At Longtown (Hants), however, 90-94 per cent 
of the grains are less than 0-25 mm. diameter, whilst the Lower 
Bagshot sands of the Isle of Wight contain about 70 per cent of 
grains between 0-1 and 0-25 mm. diameter, and only about 8 per 
cent over 0-25 mm. 

The proportion of “ clay ” present varies considerably, the 
range being generally between nil and H per cent. 

The Bagshot sands of Fordingbridge are being developed for 

■ Nature, xxxvi. p. 91. 
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the mamifacturc of glass, and those in the Isle of Wight have been 
nsAl in th<! past for the same purpose, though they are not at present 
worked. Bagshot beds arc also worked for other purposes, such 
as briek-making, building, etc. 

Bann Clay is not a clay but enlarge deposit of diatomaceous 
earth occurring in association with peat in the Bann Valley, south 
of liough Beg (Co. Antrim. Ireland), ft is non-plastic, and is used 
in combination with a stifi clay to make bricks. Deposits of a 
similar nature to this occ\ir at (lien Shira, in Argyllshire; also a 
little north of lioch Kinnord and in the Lsle of Skye. They should 
be regarded as saruU and not as clays. i 

Barton Sands occur in the llp])cr Bagshot treds of the Eocene 
formation in Hampshire and the north-western portion of Surrey. 
Their occurrence and distribution have la-en described on p. 72. 

At lyongdown, near Southampton, the beds include about 15 ft. 
of a v(wy line uream-coloured sand containing, according to Boswell, 
!)5 per cent of silica and only about 01 per cent of iron oxide. 
On burnitig, the colour is changed to brownish. It consists chiefly 
of grains l)etwcen 0-1 and 0-25 mm. diameter, and 1-3 per cent 
of “ dust ” is present, the total amount of tnie sand varying from 
03 to 08 per cent. There is about 0-8 ]wr cent of heavy detrital 
minerals present, including tourmaline, kyanite, ilmenit(\ magnetite, 
limonite, zircon, and rutile, with a smaller pro])ortion of epidote 
and hornblende. Muscovite is very abundant. This material has 
long been used for glass-making. 

Beach Sand, see Shore Sand (p. 157). 

Bituminous Sands are those containing bituminous matter in 
sufBciently large amounts to render it an imjjortant constituent. 
Asphalt sands, tar sands, and oil saruls Ixdong to this cla.ss. 

Black Sands are so called on acc'ount of their colour when 
freshly won. They may owe their colour to various causes, including, 
in some eases, an excessive amount of carbonaceous matter, though 
the colour is usually due to the presence of magnetic iron oxide 
(magnetite) or other minerals, .such as ilmcnite, cassiterite, 
manganese dioxide, etc. The principal black sands are found in 
the United States, Canada, New Zealand, Africa, Russia, and 
Siberia. 

The so-called “ black sands ” of New Zealand are also rich 
in titanium uiinerals. 

Black sands frequently contain valuable minerals such as gold, 
platinum, etc. The “ black sand ” of the Rand consists chiefly 
of iron sulphide, together with a paying quantity of gold, small 
quantities of iridium, osmiridium, and, in some cases, platinum 
and other metals of the same class. 

Blown or Aeolian Sands are those produced by the action of 
the wind-borne particles on rocks, as described on p. 22. They 
are widely distributed, occurring chiefly in hot, arid regions and 
along the sea-coasts. In this cmmtry they occur in many places 
around the coast where there is an expanse of sea sand at low 
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tide ;• the wind drifts the material inland, where it bt'cemcs he'jpe<i 
up into dunes, which sometimes ri.se to a Iiei|>ht of ()(>-80 ft. In 
some places, as in Cornwall, much of the blown sand is made up 
of comminuted shells ; elsewhere it is mainly quart/, sand. 

The chemical composition of blown sands depends to a large 
extent on the original roerks from which they have Iks'ii derived, 
and the extent to which they have been mixed with other materials 
during their transference from one locality to another. 'J'hi'y may 
Iw derive<l from almost any rook, and eon.seq\iently no rule as 
to their composition can 1m- given. A blown sand derived from 
a quart/ite oi* sandstone rock may consist almost wholly ofi^iart/ 
grains with very little admixed impurity; but one <lerived from 
a basic igneous rock may contain much mica and fclspathie matter, 
whilst one consi.sting chiefly of commimded shells will 1m- largely 
eom]M)sed of (-ah-ium carlMinati-. (b-iM-rally, th(-y contain little 
or no organic- matter <-xe(-|it wh<-rc tlu-y have- <-ngulfcd a fi-itilo 
n-gion and then rec(-ded, carrying sonu- of tin- dccom)M).sed organic 
material along with thi- sand. 

The colour of blown sands is v(-ry variabh- ; sonu- an- jmrec 
w'bite, whilst otlu-rs are of all (-olours, froTii Ibat of cream to brown 
or even darker shades, ac-cording to tin- impuriti(-s pre.sent. Moat 
blown .sands an- gn-y or [lale brown. 

The t(-xturc of blown sands is also variabh- on acc-ount of th<- 
mixing and re-mixing of thi- deposits and line fn-qiu-nt chang<-a 
in Ihe spei-d of tiu- wind. Tin- lattcu- cau.ses grains of varying 
sizes ami s]M-eitie graviti(-s to be picked uj) and droppe-d again 
according to the different vi-locdu-s at whi(-h the wind travels, 
with the result that tluc separation of the- iiartieh-s of various sizes 
is not very gcMul unless the sand is subject to some )ir<-vailing wind. 

According to Boswell, tin- most uniform blown .sands in the 
country arc those of Ab<-rdeen, Montro,sc, Bamburgh, HartlepcM)!, 
and Blyth, which contain ov(-r 1)0 |M-r c-c-nt of grains bi-twcM-n 
0-25 and 0-5 mm. diametr-r, tog(-th(-r with O-.h 3-.’> per cent iM-tween 
0-1 and 0-25 mm. diameter. The proportion of the finest grains 
in these sands is .seldom more than 2 5 per cent, (-xee])t at Alu-rdeen, 
where the blown sand contains h o |M-r c(-nt of grains h-ss than 
O-I mm. diameter. The Alx-rdec n sand also has about 2 jHrr ecmt 
of grains over 0-.5 mm. diameter, and tin? Blyth sand has 1-3 pew 
cent. The blown sands at (Airracloe (Rosslare), laiw'estoft, Bally- 
ca.stlc (Co. Antrim), Sutton, Culbin, and Coalisland (Ix)ugh Neagh) 
are not quite so uniform, the first four <-ontaining la-twec-n 80 and 
90 per cent of grains between 0-25 and 0-5 mm. diamet(-r, and the 
last two containing between 70 and 80 jrer cent. Thec Sutton 
(Dublin), Lowestoft, Ballyeastle, and Coalisland sands arc rather 
coarse, containing re.spectively 15, 16, 19, and 27 pc-r cent of grains 
over 0-5 mm. diameter. The Culbin sand contains 22 pr cent 
of grains between 0-1 and 0-25 mm. diatneter, whilst the Curracloe 
sand contains nearly 10 per cent. 

Of the various impurities, the most important are calcium 
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carUonate and iron compounds, though these are not’detrimental 
for Inany purposes. 

The proportion of iron oxide in blown sands is generally fairly 
high, though some of these sands are much purer than others. 

It is a noticeable fact that the hcijvy detritalimpurities in blown 
sands consist of very much smaller grains than the quartz present. 
This is due to the fact that the wind-speed is only able to lift a 
much smaller grain of a “ heavier ” mineral, with the result that 
the heavy minerals are usually concentrated among the finest 
particles of sand. On the other hand, flaky minerals, such as 
mica* may Iks carrictl along in quite large pieces 'on account of 
the surface they offer to the wind, so that such minerals are often 
present in large grains or flakes. 

Bole is a ferruginous, sandy material of a reddish-brown or 
yellowish colour, containing about 41-47 piir cent of silicia, 18-25 j)cr 
cent of iron oxide. Its composition is very variable, as it is a 
decomposition piwluct of basaltic rocks. It occurs in relatively 
small quantities in various parts of the country ; that in the north¬ 
eastern ])art of Ireland occurs as partings in basaltic sheets, 
assraaated with lithomarge, bauxite, pisolitio iron-ore, and lignite. 
In Asia Minor a bole containing about 32 i)er cent of alumina 
is found, whilst in Saxony it is almost free from iron oxide, only 
a trace lieing present. Bole has been used as a red pigment 
(including that us<'d for tattooing), and in medical work as an 
astringent. , 

Bort or Boart is a coarse dark-coloured sand, consisting of an 
impure variety of diamond which is imperfectly crystalline and 
only partially transparent. It often occurs in small masses, which 
are reduced to “ sand ” by crushing them in a steel mortar. Bort 
is chiefly used as an abrasive by lapidaries. (S(!e also Dmmond, p. 1)6.) 

Bracklesham Sands occur in the Up])er Bivgshot formation 
(p. 72). They are of greater geological than commercial interest. 

Breeze is an artificial sand, consisting of sifted ashes. It is 
largely used in the manufacture of London “ stock ” bricks, as 
it is non-plastic, and so renders the plastic clays more workable. 
It also aids in the firing of the bricks. (See Vol. II., Chapter I.) 

Brick-moulding Sand is that used in the sand-moulding process 
of brick-making, and also for producing a good colour on the face 
of bricks, which would otherwise look unsightly. It is usually 
of a marine or estuarine origin, such as the Bagshot beds (p. 70). 
Further particulars regarding the use of this class of sand will 
be found in Vol. II., Chapter I. 

Brown Sands usually owe their colour to the presence of iron 
oxide or to carbonaceous matter, such as lignite, or, less frequently, 
to manganese compounds. The brownish or blacMsh sandy crust 
on desert rocks called “ vernis du ddsert ” usually consists of oxides 
of manganese, left as a residue after the evaporation of the water 
in the rocks, containing salts of these substances in solution. 

Building Sand includes sand used in the manufacture of mortar, 
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concrete, arid other materiale used in building conathiction, 'and 
should always be a highly quartzose sand with sharp angular grains, 
and free from loam or elay, which, if jmsent, must be removed 
before the sand is fit for use. Building sand may be of fluviatile, 
marine, aeolian, or estuarine origin, but glacial deposits usually 
contain too much clayey material. Where the cost of prc))arution 
is not excessive, building sand may be produced by crushing sand- 
rocks. (See also Vol. II., (Chapters II.*\’.) 

Bunter Sands occur at the base of the Triassic system, and 
consist of marine and desert deposits, much of the material showing 
evidence of c&rriage by wind. The occurrence aiui distribution 
of Bunter sands has already Iwen d<‘seribed (p. all). 

The sand-bearing materials in this sysbrni consist chiefly of 
soft sandstones of various colours, ofb'n mottled, and associated 
with clays and dolomites. They have usually a reddish tinge 
on account of the amount of iron jircscnt, usually as a thin film 
of haematite over each particle of .sand or other minerals jircsent. 
In some places they have a slightly greenish tinge, which, according 
to Boswell, is due in all probability to the rcitiiction of thi" iron 
from the ferric to the ferrous state by decomposing organic matter, 
or to the action of algai;, bacteria, etc. 

The proportion of iron oxirlc varies ; it is sometimes as much 
as 0 |)cr cent, though in some localities it is extremely low, and the 
sands, e.ij. the Lower lie<ls at Worksop, may then !«■ sufficiently 
pu*e to lie used for glass-making. 

They contain usually over Vo^a-r cent of silica- some, such as 
the Lancashire sands, having, according to Boswell, over !KI per 
cent. I’p to !) |x>r cent of alumina may Iw present, but generally 
not much more than ti per cent. The pro]iortion of lime, magnesia, 
and soda present is usually fairly small (less than 1 js-r cent), but 
the Mansfield moulding sand and the Belfast sands arc rich in 
magnesia and lime, 

A charaeteristie of the Bunter sands is their high proportion 
of potash, due probably to the fact that, being formed under desert 
conditions, the felspar did not decompose as it would have done 
had it been in contact with water. Most of the beds contain 
more than 2 per cent and some more than 5 per cent of potash. 
This greatly reduces their refractoriness, so that they cannot be 
used for casting steel, though they are quite .suitable for moulding 
non-ferrous metals. Detrital minerals arc generally abundant, and 
arc specially so in Lancashire and Ireland, mica being very plentiful. 

Having been formed under desert conditions, Bunter sands 
usually consist of well-rounded grains which are characteristic 
of this mode of formation (Fig. 1). They vary in coarseness in 
different parts of the beds and in different localities. Very often 
coarse and fine sands occur in the same locality, as at Mansfield 
and Worksop. At Mansfield, according to Boswell, the sand varies, 
some containing over 80 per cent of grains more than 0-25 mm. 
diameter, other parts nearly SO per cent less than 0-25 miri. 
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diameter, whilst at Worksop the pot sand contains ovei* 90 per cent 
of ^ains larger than 0-25 niin. diameter and the finest beds contain 

over 90 per cent of 
grains less than 0 25 
mm. diameter. 

The Belfast and 
Ormskirk sands are 
generally very fine 
throughout, the former 
having a fine silky tex¬ 
ture, for Vhich they are 
famous. 

Calcareous Sands 
ar(! iLsually of marine 
origin, and contain, 
in addition to their 
siliceous materials, 
chalk, limestone, gyp¬ 
sum, and other lime 
compounds in varying 
proportions. They are 
usually produced by 
the shells of dead 
marine animals te- 
coming mingkal with siliceous .samls and ground into a very fine 
powder, so that in time the shells are scarcely recognisable, even 
under the nuerosoope. Such sahds are often of great value in 
agriculture. (See Vol. 11., Chapter \'lll.) For further information 
s(!o SMI saruh (ji. 157). 

Carbide Sands or Fire-sands are artificial sands composed of 
silicon carbides and carboxides, which art; used as abrasives. 
Carborundum, crystolon, carbosilUe, carbofrax, and ekctrolon are 
silicon carbides. Silfrax, silit, and some, other compounds appear 
to be somewhat irregrdar mixtm-es of carbides and carboxides of 
silicon, together with some silicon nitride. SHoxiam and Jibrox 
arc carboxides of .silicon, and corre.spond to some composition 
between .SijCjO and Si,C 30 . 

All these materials are produced in an electric furnace by the 
partial fusion of a mixture of silica and carbon in the absence of 
air. The furnace used (Fig. 2) is about 33 ft. long and 17 ft. wide 
and 10 ft. deep, the only permanent part of the structure being 
the long end walls and the floor. In each end is a large terminal, 
consisting of a number of carbon rods, the ends of which fit into 
copper plugs, w'hich in turn are fastened into sockets in a copper 
plate bolted to the outside of the wall and connected to the leads. 
Between the terminal heads is a granular resistance core, about 3 in. 
diameter, made of pieces of coke about jj in. diameter. The core is 
packed round loosely with a mixture of sand, coke, sawdust, and salt 
in proportions which depend on the nature of the product desired. 
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A typical chargo consists of: 

Coko . . . 20 parts. 

Sand . . . . 02 „ 

Sawdust . . ti „ 

Salt . . I part. 

The proportions of cokt iiiid suiid u.scd do not vary nmch, Itiit 
the sawdust may vary from 7 to 11 [ks- ticiit, and the .stilt from 1 ti to 
4 jK'r cent of the chtirgc according to the ))roduet.s retinired. 'riiese 
mixture.s [trovide a slight exee.ss of earhon, to allow for loss. 'I'lie 
function of the .salt is U) remove the iron and other imiaijities 
in the cokit and saiul hy the formation of voltililc chlorides, whilst 
the sawdust is tidtied to makit the mass porous, so that the earhon 
monoxiiie. when formed, may escape. 



Kio, 2. --C'arlioniinlum t'liniJin*. 


Tlie reaction wliicli takes pliic<i in liie furnace is r(‘|)resented 
by tile following cijuation : 

SiOj ^-3C -SiC -i 2C(). 

An electric current of about 220 volts and (KHM) amjHjres is 
])a 3 se<l through the contents of tlu* furnace, but after a time the 
current is increased and its voltage reduced until the heat is sufficient 
to vitrify the contents of the furnace and convert them inU» carbides, 
etc. The Uunt>eraturc and rate of heating must Ik! skilfully con¬ 
trolled, as the nature of the products varies with the projK>rtion 
of raw materials used and the conditifins of heating and cooling. 
When the contents of the furnact^ are sufficientlv'oool, they are 
taken out carefully, each produid Ixung kept se))arale as far as 
possible. The products consist of some unaltered raw mabTials, 
together with silicon carbide and various by-products of the 
reactions, of which the more important are : (i.) the graphitic 
core surrounded by (ii.) a zone of crystalline car^nunduin, (iii.) a 
layer of carborundum powder, (iv.) a ring of siloxicon fire-sand 
with silicon monoxide, and finally (v.) a film of silica. 

The various products are ni'Xt passed through a mechamcal 
crusher and digested with (1-2) sulphuric acid for three days at 
100® C., after which they are washed and then further crashed and 
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serened, so as to separate into various grades, the finest portion 
being collected as flour. 

Carborundum is a silicon carbide corresponding to the formula 
SiC ; it is capable of formation in small quantities at a much lower 
temperature than that used in actual practice, but on the hirger 
scale a very high temperature is essential. The material sold as 
“ pure carborundum ” contains about 65 per cent of silicon, 30 per 
cent of carbon, and 5 per eSnt of impurities. It is in the form of 
hexagonal crystals varying in colour from the palest yellow to grey 
or blue-black, the variations lasing due to impurities in the material 
and to the play of light on the surface of the crystals! The crystals 
are of intense hardness, with a specific gravity between 3'17 and 
3-21, and a melting point of about 2500° C.^ The refractoriness 
of earborundum is not known accurately, though.the high tempera¬ 
ture required for its manufacture shows that it can resist a very 
high temperatflre. It decomposes slowly at temp(sraturcs above 
2^)° C. without fusing; the silicon volatilises, and the graphite 
burns away. The rate of decomposition is often rcdu<*d by the 
formation of a siliceous glaze as one of the by-products, but this 
is not sufficiently protective to jjrcvcnt its slow decomposition. 
In the pi'cscnco of flue- or kiln-gases the decomposition is more 
rapid, carbon monoxide and silicon Ixung formed. Carborundum 
has a high thermal conductivity, a low coefficient of expansion, 
and great strength and toughness. 

It is used as a refractory material in the form of bricks, Und 
as an abrasive in the form of '‘,sand ” or powder, which may bo 
used direct or after lieing ap|)licd to pa|jer or cloth, or it may bo 
mixed with a suitable binding agent and made into blocks, wheels, 
and sharjxming stones. Carborundum iwrwder has been used to 
some extent in place of corundum for lajiidaries’ work, as it is harder. 
It has, however, the disadvantage of being more brittle and is 
soon reduced to flour. It is also used in place of emery, which 
is an impure form of corundum, as, although it is more costly, it 
does the work in one-third or one-quarter of the time taken by 
emery. It is used for glass-cutting ami for polishing and grinding 
metals, etc., and instead of diamonds for drill-heads, for which 
purpose it is (luite satisfactory if mounted in a suitable metallic 
or ceramic matrix. It is also used instead of ferro-silicon for 
steel-making arid in the reduction of copper, nickel, and lead from 
their chlorides, the production of metallic silicides from their oxides, 
and the preparation of quaternary steels. 

As a refractory material it is used for the manufacture of fire¬ 
bricks, zinc retorts, and refractory cements. 

Carborundum powder is sometimes employed as a facing for 
sand moulds used for casting metal. When mixed with a suitable 
binder and applied to the mould, it gives the metal casting a hard 
surface, because some of the silicon from the carborundum enters 
iifto the metal and “ case-hardens ” it. 

* Some samples show no signs of fusion at 2700° C. 
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CfrystoloH is the registered name for a variety of earborutyiuin 
which is prepared at a temperature of 1820°-2250° C, A dark- 
coloured mass, know'n as amorphous silicon carbide or fire-mnd, 
is formed at a temperature of KiOO" and this is slowly converted 
at 1850° C. into crystalline' crystolon; and as the temjK-rature 
rises and approaches 2il50° (b, decomjK)sition occurs, with the 
formation of other carbides and carboxides. (Vystolon Ls not 
affected by acids, excc|)t hydrofluoric acid, but alkalies anil 
carbonates decom]«)se it when heated, and metallic oxides react 
with it at red heat. In an oxidising atmosphere, silicon carbide 
is decompiwcd, forming silica and carls)!! monoxide. Tlie co¬ 
efficient of expansion of cry.stolon is very low, Is'ing () (X)0(K)4.5 e.g.8. 
units per degree 

Silfrax is another foiin of carbide of silicon which is formed 
from the vai)our of silicon acting on solid carbon. The imres 
in the latter soon liecome (illcd with silfrax, and the crystals so 
formed remain small and arc tougher and stronger than carborundum 
(irystals. Silfrax is formed at the same lime as carborundum, 
though in a different manner, so that each must Ixi separated from 
the other when cither is required in a fairly jiure state. Silfrax 
is used for the manufacture of refractory articles, chiefly j)yrometer 
tiiljcs and electrical fittings, in the saTiie way as earlsiruiulum. 

The fire-mnil which is formed at a lower tem|K‘rature is ainor|)hou8 
or crypto-crystalline, but it is equally as refractory as the crystalline 
niftterial. It is, however, rather Ic.ss stable than the crystals. 
It is attacked slowly at red hqat by .sodium carbonate, caustic 
soda, and sialiiim peroxide, and rajiidly by red lead. It is not 
attacked by hydrofluoric acid to any n])preciablc extent. Mro-sand 
is used as a refractory material- chiefly in the metallurgical 
industries. 

Silumlum is a term introduced by K. Bolling, who, in 1900, 
found that wlien pieces of carbon, pressed or moulded to any 
desired shajx;, were heated in a mixture of silicon carbide and Sana, 
the silicon reduced from the sand volatilised and combined with 
the carl)on to form a com]M)und the jrarticles of which retained 
the shape of the sand. It is a siliiam carbide with an excess of 
carbon, whereas silfrax and silit have an excess of silica. hVom 
a number of exjierirnents made in 1914-1915, Tucker and l,rOwry 
concluded that the formation of silundum commences above 
1300° 0., the greimish slate-coloured variety Ixung first formed, 
whilst above 1800° C. the steel-grey modification apjiears. Above 
2200° C. the product is decompo.sed and graphitic carbon remains 
behind. 

Tucker and Lowry conclude that the green variety is really 
a carboxide containing about 9 per cent of oxygen, but this 
decomposes to form the grey variety, which is a true carbide, 
devoid of oxygen and closely resembling carborundum Both 
the green and the grey varieties of silundum are refractory; they 
are not attacked by oxygen, nitrogen, or hydrogen below 1100° C., 
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nor most fused salts ; fused caustic alkalies and alkali'carbonates 
convert the silicon into silicate ; they are oxidised by peroxides 
and by lead oxides ; acids, even hydrofluoric acid, are without 
action on pure silundum, but attack the impurities present in the 
commercial pnalucts. The density is about 3 and the hardness 
9 on Molls’ scale. The most notable di^inetion lietwi^en the two 
varieties of silundum and carborundum is their electrical resistance. 
The s|)eeilie nssistanee of itSirborundum ])er centimetre cube at 
25“ (!. is 50 ohms, whilst that of green silundum is only ()-2374 ohm. 
At high(!r tem[H-ratures all the carbides are fairly good conductors 
of eleCtriiity. * 

Hiluxicon is a silicon carboxide produced in the same way as 
carborundum, but the conditions of manufacture arc slightly 
altered. Siloxieon Is'gins to form, according to Tpeker, (fillet, and 
Saunders, at a temperature of about 15(K)“ (!. Its composition 
corresponds to’ Si,(J,0, where x = 1-7 and averages about 2. 
It may be a solution of silica in silicon earbule, as hvflrofluoric 
acid removes silica and silicon, but leaves any carborundum present 
unattaeked. It is amorphous, usually has a greenish-grey sheen, 
and contains sonH^ free graphite and carborundum. It has a 
sfiecilie gravity of 2-52. It is highly refractory, a good electrical 
conductor, indifferent to most acids, but mor(> easily oxidised 
at 15(M)° (!. than carboruiulum, a superlieial glaze lieing produced. 
When heated in a luuitral or nslueing atuios|)here, it is unaffected 
until it ri'aehes a temiK'rature of about 1840° (b. when it begkis 
to decompose, forming carborupdum, frei! silica, and carbon 
monoxide; at higher t<'mtK>ratures it dissociates, forming 
carborundum and free o.xygen. 

b'ibrox (Kng. Pat. Hi,209 of 1913) is a silicon oxycarbide 
prepared by heating a mixture of siliiam and a catalytic agent 
such as fluor-spar, (farbon monoxide and dioxide enter the 
crucible by diffusion and slowly convert the siliiai into a fibrous 
mass, having a true specific gravity of I •8-2-2. It is, however, 
extremely porous, 99 |ier (amt of the volume being air, and its 
apparent sjxicific gravity is only 0'tK)25-0'0030, It is used as a 
heat insulator. 

All the foregoing carbides and earboxides are reduced to the 
form of " sand ” before use. They are then sifted so as to grade 
the material into grains of various sizes, the sifted products being 
used in the form of powders or mixed with a suitable binding 
agent and moulded into blocks, etc. 

For use as a refractory material the various silicon carbides 
need to be as devoid as possible of free carbon ; this material, 
even when present in only small amounts, is a serious hindrance 
to that intimate contact between the bond and aggregate which 
is essential to the production of sound goods. 

Carbonaceous Sands are those containing a considerable pro¬ 
portion of organic matter, which may be in the form of lignite 
or peaty matter. Many sands belonging to the Cretacebus and 
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TertMry Systems are associated with lignite Ix'ds, whilst njany 
glacial and most surface sands are assoeiahsl with |)eaty or other 
organic matter. The ])resence of readily deeoin|H)8able carbonaceous 
matter in association with sands is a considerable advantage in 
many cases, as the water jKuaolating through these ImsIs la'coines 
charged with various sohible substances <lcrivcd from the [salt 
or other organic material, which reduce the iron compounds in 
the sand to the ferrous state and reitder them soluble. Hy this 
means the iicrcentagc of iron in the sand is gradually reduced. 
If the water is not able to csca|«‘, however, the ferrous eompiaiuds 
remain in the*sand, and whilst in outward appearance it i.s*jiale 
in colour and ajiparently low in iron, its normal oiloiir is restored 
by heating it to redness in a eurient of air, when the feri ie compounds 
arc once more )ir(jfiueed and the sand becomes brown or rediiish, 

The samls between St. Helens and Ormskirk in Isineashire 
arc associated with a considerable amount of peaty inattiT, by 
means of Vhich the proportiiai of iion has been reduced to a very 
small iiereentagc (p. 11.")). 

Carbonado is a dark grey or black variety of diamond, which 
is sometimes indi.stinelly crystalline, granular, or cellular in structure. 
It is sometimes called " black diamond,'' and was fir.st di.seovercd 
in Hahia, Brazil, though it also oeeiirs in Borneo. It bus a s[M'eiti(^ 
gravity of about !lt)l and contains about 2 |H'r cent of mineral 
matter, which is left as “' ash " on calcining the material in a gentle 
euwent of air. Carbonado is harder than all other varieties of 
diainonil. It is ehielly used for j'oi'k drills and also for tlu^ tools 
used for dressing millstones and emery wheels (.see also Diamtnul, 
p. 

China Clay Sand is the technical term apiilied to the partieliM 
of ([uartz and undecomposed giaiiito oeeiirring with china clay 
and mica in th<^ slurry washed out from the ebina-clay rock, or 
carehizite, found in Devon and Cornwall. 'I’lie sides of tlu^ china- 
clay pits or slopes are subjected to the action of a stream of water 
which, in its ileseent, carries with it some of the clay, together 
with quartz, mica, and other rock particles. The resultant cream 
or slurry is collected in a settling jiit, in which the ( (airse [Mirtieles 
or “ sand " settle to the botbim, whikst tlu^ other materials are 
carried off in suspension in the water for further treatimmt in a 
kmrukr. Sometimes a number of sand-inteTcepfing boxes arc 
used to retain the sand. A launder consists of a square’ wooden 
pipe (about 9 in. square), the sides la-ing perforated by a iiumbew 
of 4 in. holes about a foot ajjart, fitted with stoppers, called hitUons, 
which arc removed in succession as the sand settles out of .susfH'nsion, 
and so allow the water and clay to flow away. Where no launder 
is used, and in some ease-s in conjunction with a launder, the slip 
is turned into a sand-pit, which consists usually of a rough rect¬ 
angular trough 3-5 yards long and 2-3 yards wide, with stene walls 
4-6 ft. high. A doorway is placed at the lower end of the pit over 
which the clay slip passes, whilst the heavy sand sinks to the bottom 
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and^is collected. Usually, two or more sand-pits are Used, so that 
when one is full of sand the slip is turned into another, whilst the 
first is emptied out by means of shovels, the sand being conveyed 
to the top of thg pit in wagons. Any sand which is not intercepted 
by the sand-pits is collected (together with .some mica) in the 
first drags ; it is removed from them ^d put with the residues 
from the sand-pits in huge Ij^nks or “ burrows.” 

“ China-clay sand ” consists largely of quartz, undecomposed 
felspar, with tourmaline and some mica. The size of the particles 
varies from very fine grains up to pieces 2 in. or so in diameter. 

"rtie waste from the china-clay rock may form* anything up 
to four-fifths or even more of the material, but only part of 
the waste can be used. Table XII., due to Mr. ,T. M. Coon,* 
shows the proportion of “ sand ” in th(' china-clay rock from 
the St. Austell district: 


Tahi.k XII.- -Compo.sition of China ci.av Roi^k ‘ 



A. 

B. 


0. 

K. 

P. 

1. Coarse quartz 

39-80 

211-80 

51-40 

33-30 

25-30 

.37-60 

2. Medium quartz . 

I7'22 

14-20 

15-80 

11 -26 

33-40 

16-60 

3. Fine quartz, tournmlino. 







etc. 

1-82 

2-40 

l-OO 

3-03 

4-80 

2-10 

4. Very fine (quartz, coarse 







mica, tounnaline, . 

110 

1 'Mi 

1-20 

2-03 

3-33 

2b 3 

5. Fine mica, coarse clay, 
t^urmalino, et<c. 

O-sli 






1-41 

2-50 

1-46 

3-63 

4-20 

6. Very fine mica, medium 
clay, iourmaline 







ir»7 

1-81 

2-50 

4-60 

3-45 

4-40 

7. Marketable china clay 

:i7:jo 

1900 

35-00 

36-60 

25-80 

33-00 


Mr. J. H. Collins'* found two samples of china-clay rock to 
consist of: 


Water..T-O 

Coarse sand and mica over ItO-inesh . 67 ■.') 71 -5 

Fine sand and iniea under SO-mesh . . 2-0 2-.'> 

Fine mica.and some clay.3-5 3-0 

Fine clay.-. . 22-0 17 -6 


He found that, on an average, 3-7 tons of sand were produced 
for each ton of commercial china clay, and, in addition, 2-5 cwts. 
of coarse mica and 1-3 cwts. of fine mica were also obtained. 

China-clay waste or “ sand ” is used for various purposes, 
including building, rough-cast work, garden paths, refractory 
bricks, cement, and also for polishing guns. 

piayey Sand is sand containing an appreciable proportion of 
clay or argillaceous material which may or may not hinder its 

* Trana. Eng. Ctram. Soc., x., 1911, p. 82. 

* The Hensbarrow Granite District, Truro, 1878. 
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use. .Snch'pands should only be employed where the presence 
of clay will not be deleterious ; they are useless for building, 
though often quite satisfactory in brick-making and other clay- 
working processes. (See Building Band, p. S4.) Clayey sands are 
excellent qs “ opening sub-stances,” and sometimes have an 
advantage over pure quart?., ’in some cases, ns at Windsor, Kwell, 
Rpsom, and in Wales, tifey are used for making Hrebricks. (See 
Vol. II., Chapter VII.) They are ofjwide distribution and occur 
in many parts of this country, and are ofU-n known as hams, 
though this term is more generally applied to sandy clays rather 
than to clayey sands. o 

Clayey sands may sometimes be used as a source of clean sand 
provided they are first washed very thoroughly ((Iia])ti'r IX.) in 
order to remove all the clay, but the cost of this treatment is 
usually prohibitive. 

Cobalt Sands, or eotjultiferous wiul (see ll’ud, p. Ki"), art' one 
sourin’ of .the metal cobalt. One iuqsirtaut variety of these sands, 
termed asbolile, is found in New Caledonia and near Port Macquarie 
in New South Wales. 

Colluvial Sands, see Dihmal Sands ([). 100). 

Copper Sand, found in Chili, consists of grains of metallic cojiper 
mixed with <(uartz. 

Coral Sands consist largely of fragments of coral rock which 
have been broken from the main mass and reduced to |)owder 
by^thc action of waves, etc., and deposited near thi' shore. They 
contain varying pro])ortions of mineral matU'r- ehieliy of a volcanic 
nature. Coral sands, found fufther out to sea, pass gradually 
into fine calcareous muds of the same nature as coral sands, but are 
much finer in texture and an generally depositi'd at greater depths 
than the corresponding sands. As coral rocks are largely composed 
of calcium carbonate, the coral sands have a similar composition. 
They are of geological rather than commercial interest (seo p. 36). 

Corundum, sometimes called lulamantine spar, is a source of 
abrasive sand. It is found in several varieties, from the coloured, 
clear, and pure gemstones to a very inferior and impure product. 
The clear blue varieties are isilled sapphires, the white and yellow 
ones arc white and yelhw sapphires respectively; the red ones 
are rubies ; a stone of a turbid magenta hui^ is barkleyite ; a purple 
variety is the oriental amethyst, and a green variety is the oriental 
emerald. The gem stones occur principally in river sands and 
gravels (see Placers, p. 133). 

The dull-coloureil and opaque varieties occur chiefly in India, 
China, Siberia, and the United States. They are found in the 
crystalline and metamorphosed rocks in the Salem district of 
Madras, India, and in several other localities. Large deposits 
of a grey, red, or purple colour occur near Singrauli in South Rewah. 
Corundum is also commonly found in gneiss, mica-schist,' and 
hornblende-schist. The American deposits are found principally 
in NorUi Carolina and Georgia; in the latter, corundum frequently 
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occurs in association with hornblende-gneiss, in large masses weigh¬ 
ing much as 6000 lb. 

Corundum is a natural oxide of aluminium containing up to 
97'5 per cent of alumina. Table XIII. shows the composition 
of various types of corundum. , 


Tabi.e XIII. —Anai.y.sk3 ofHJorundum ' 


• 

c- 

Aliiiniiiu. 

Ki-rrlc 

Oxidl*. 

silica. 

Jiiinc. 

Water. 

• 

Indian sapphire 

97-61 

1-89 

0-8 



Indian ruby 

97-32 

109 

l-2’l 



Indian corundum 

93-12 

001 

0-96 *■ 

1-02 

2-86 

Asia Minor corundum 

92-39 

1 (>7 

2-05 

1-12 

1-60 

... 


The varied colours of corundum appear to be due to mineral 
impurities in some peculiar (possibly colloidal) state. Thus, the 
colour of niby may bo due to the presence of chromium oxide, 
as on heating it turns to green but regains its normal colour on 
cooling. Cobalt has been suggested as the possible cause of the 
colour of sapphire, though it may, in some caises, be due to chromium. 

Corundum is extremely hard, its hardness being 9, accord'ng 
to Mohs’ scale, so that it is very valuable as an abrasive. For 
this purpose it is crushed and graded in the same manner as other 
abrasives and made into abrasive papers, cloths, wheels, etc. 
It is also much used in lapidaries' work. The abrasive power of 
corundum, as compared with that of pure sapphire and emery, 
is as follows: 

Sapphire.100 

American corundum . . . 90-97 

Naxos emery.40-67 

Emery is an impure variety of corundum which is also used 
as an abrasive, but it is not quite so hard as corundum (see also 
Emery, p. 101). 

Artificial emtundnm is made by fusing calcined bauxite in an 
electric arc furnace. Emery may also be used, but charcoal or 
coke must be added to reduce the iron compounds present to the 
metallic state. The process is simple, yet by no means easy to 
work profitably, on account of the very powerful electric currents 
employed and the exceedingly high temperatures (far above that 
required in steel manufacture) which are attained. The furnace 
consists of a square or circular chamber which may be built of 
fire-bricks covered with sheet iron which is kept cool by water 
flowing over it. If fire-bricks are omitted and the mixture to be 

' Thorpe's Dktiomry, 
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heated fonijs ita own “ crucible,” the chamber must be large, as 
the part of the charge of bauxite nearest the walls acts as a'con- 
tainer.' In the centre of the chamber are two or thn'C carbon 
electrodes or rods which carry the current; they are mounted 
on rack-work in such a manger that the lower end of one rod can 
be made to touch that of the other or can lx* kept at any desirt'd 
distance from it. At the*bottom of the chain Is'r are placed several 
pounds of iron or steel turnings, and the two lower ends of the 
electrodes are brought into contact with these. If the current 
is then switched on. an arc is formeil and the iron is rapidly melted. 
Before complete fusion occurs, bauxite is shovelled into the fsrnace 
in small quantities at a time and at such a rate as to make the 
best use of the heat developed by the electric arc. When the 
temix-rature of the bauxite is about 22(Kt'’ C. it melts, and, owing 
to the highly reducing action of the arc fianie, any iron compounds 
present are reduced to the metallic state. As fusion prcx-mls, 
the material becomes so intensely hot that most of the silica is 
volatilised and so escajx’s. Finally, the metallic iron settles to 
the bottom of the furnace, and the molten alumina (X’cupies a 
central position with a light slag, due to various imimrities, above 
it, and unfused bauxite all around. From timi^ to tiim^ the molten 
iron may bo run off, but with an almost pure bauxite there will 
not be sufficient iron to permit this. When no more alumina 
can be fused in the furnace, the current is switcheil off and the 
fiijnace is allowed to cool. The current is usually alternating. 
It may be .sup|)licd at 110 volts and 300 amps., which is equivalent 
to about 700 h.p. per ” run," lltit for larger furmues (iOOO amps, 
and 100 volts are u.sed. 

When cold the contents of the furnaci- are removed and sorted 
according to their various natures, the central mass of fused alumina 
(which during cooling .should have Ixxm largely reerystallised) 
being the desired product. 

In order to obtain a satisfactory abrasive material, large furnaces 
must be employed, and at the Norton (\)mpany’s works masses 
of conmdum each weighing 5 tons or more are regularly obtained. 
When such large massrw arc cooled they develop cleavage planes, 
and by taking note of these the crushing is facilitated. In the 
best type of furnace the hearth can Ix) gradually loweml during 
the fusion, and by this means a much larger quantity of alumina 
can be fused than when a fixed hearth is used. 

The more slowly the product c(m) 18, the better will Ixt the 
crystals and the greater the toughness and abrasive [xrwer of the 
product. Hence, by regulating the temperature and the rate 
of heating and cooling, the hardness and toughness of the mass 
and the angularity of the particles formed when it is crushed can 
be varied. By this means a product with different ‘‘ tempers ” 
is secured. 

An alternative method—patented by G. Dollner in 1897-^ 
consists in igniting a mixture of metallic aluminium with various 
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oxides, whereby the product attains so high a temperature, that 
partial fusion of the resultant alumina occurs. 

Adamite is a dark blue material approaching black in colour, 
and contains about 80 per cent of alumina. 

Ahxite is an artincial corundum having a highly crystalline 
structure and a purplish blue colour,*made in the south of Prance 
and at Niagara Falls, America. • 

Alnndum is an artificial corundum made by the Norton 
Company, Chippawa, Canada. 

Borocarbone is an aluminous abrasive made in France. 

Carubin is a by-product of the Goldschmidt “ Thermit ” process 
of making chromium, and consists of a crude form of fused alumina 
which occurs in the slag. i 

Oxyahmina is an abrasive made in America by fusing aluminous 
earths. • 

Cretaceous Sands, see also Greensand (p. 118)^ and Wealden 
Sands (p. 168). . 

Diamond is the hardest mineral known in nature, having a 
hardness of 10, according to Mohs’ scale. It is found in sand 
and gravel deposits formed by alluvial action, and also in alluvial 
beds, which have later been covered by more recent deposits of 
rocks (see Gem Gravels and Sands, p. 112). 

Diamonds are chiefly used as gem-stones and as abrasive 
materials, the largest and purest stones being selected for gems. 
The less valuable diamonds and the powder obtained by crushing 
them are used by lapidaries for cutting and polishing other diamonSs 
and precious stones. The powdw is also embedded in a disc of 
soft iron, and used for cutting ornamental stones and for preparing 
thin sections of rocks. 

Inferior varieties of carbon, including carbonado or black diamond 
(p. 91) and bort or boart (p. 84), are also used as abrasives, carbonado 
being useS in the steel crowns of rock-drills. 

DIatomaceous Earth (sometimes known os Barbadoes Earth and 
as Kleselguhr) is a highly siliceous sediment or deposit produced 
by the accumulation of extremely minute plants called “ diatoms,” 
having an external casing of silica. In time, countless millions 
of these microscopic siliceous shells form a bed of a light porous 
nature, varying in colour on account of various inorganic impurities 
which may be -present. The deposits are usually contaminated 
with other materials which have been deposited simultaneously, 
the principal impurities being silt, clay, sand, volcanic ash, and 
decayed vegetable matter. With the exception of the organic 
matter, which is destroyed by calcining the material, these impurities 
cannot be separated cheaply, and therefore adversely affect the 
value- of the kieselguhr. There are, however, very pure beds, 
which contain 96 per cent and more of silica, in Germany, Norway, 
’ the United States, Italy, and near Algiers. 

The German kieselguhr is obtained chiefly from Naterleuss, 
between Hamburg and Hanover, where a deposit 160 ft. thick 
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secure, its colour varying from white at the surface, where |^t is 
wsociated with a coarse sand which can be removed by washing, 
ihrough a bed of grey material containing less sand and enou^ 
larbonaceous matter to calcine the material, to the lowest bed, 
srhich is 60-100 ft. thick and ci-nsists of green kieselguhr containing 
up to 30 pr cent of cai;fx)naccous matter. Important deposits 
from which largo supplies have been obtained also occur at 
Oberhohe. * 

The Algerian beds are amongst the finest in the world, though, 
as yet, they have not been fully exploited. 

Enormous *beds occur at 8t. Lucian, sometimes attainiiig a 
thickness of 150 ft., the better qualities occurring near the bottom 
of the deposit. 

Other smaller iir less pure deposits occur at Auxillac in France 
(p. 98), Spain, Ireland, and Scotland. The Irish kicsolguhrs are 
highly coloured, very impure, and of limited usefulness. 

In Seotiand, a diatomaccous earth occurs in Skye and Aberdeen¬ 
shire. In the north of Skye at Loch Cuithir the deposit is 40 ft. 
thick .and consists of material which, when air-dried, contains 
!(4-4 per cent of silica and 4 43 jier cent of water, so that if all 
the water were removed it would contain 98-78 per cent of silica. 
Diatomaccous earth also occurs in Ixich Mcalt, Sartil, Loch Cleat, 
Loch Snuisdale, and Glen Uig, in the Isle of Skye. In Aberdeen¬ 
shire it occurs near Ballater and contains about 83 per cent of 
siliea, 5-5 per cent of iron oxide, 2-1 per cent of alumina, and 2-93 per 
cent of magnesia. 

Diatomaceous earths have also been found at North Tolsta 
in Lewis, where it is 7i ft. thick, fsich Ba in Mull, where it varies 
from 1 to 2 ft. thick, and at one end of Ixich Ijcven in Fifeshire, where 
it is about the same thickness. 

Moat of the best known beds of kiestdguhr belong to thefTertiary 
epoch. 

The colour of kieselguhr varies considerably and does not 
indicate the quality of the material. In some cases the colour 
of the dried earth is much better than that of the freshly dug 
material. As a general rule the lighter deposits are preferable 
to the more highly coloured ones, and the best qualities yield an 
almost pure white or cream-coloured material when calcined. 
The analyses given in Table XIV., and due to A. Bigot, show 
the composition of kieselguhr from various sources. 

][u its pure state kieselguhr contains 2645 per cent of moisture, 
which is ex^lled at 100° C., leaving a very light, soft, easily abraded 
material. Under the microscope the regumr forms of the plant 
skeletons are readily seen, some of them being very beautiful 
and characteristic. The form of silica found in these skeletons 
b very peculiar, being an irreversible colloidal gel containing 
6-10 per cent of combined water, which b evolved on heating to 
redness. In the raw earths there b usually a variable proportion 
of reversible silica gel. These two forms of silica are easily attaoked 

vot. I B 
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tw ^hydrofluoric acid, and are soluble in solutions of sodium carbonic 
at all strengths. 


TiBUS XIV. —^AnALYBES or KlESEtOUHB 


Compodtion. 

Liine- 

Auxlllac. 

$ 


Lompoc, Callforaia. 

bourg. 

B 

B. 

A. 

B. 

a 

Combined water 

6-26 

3 -5 \ 

6-4 

6-2 

6-64 

J)-67 

2-22 

Or^bnic matter. 

8-43 

30 1 

Silica . 

81-25 

88-90 

74-0 

86-6 

88'7& 

86-28 

94-69 

Alumina . 

319 

2-85 

1-99 

1-38 

2-68 

5-35 

1-87 

Ferric oxide 

1-34 

1'5 

10« 

0-60 

Trace 

112 

0-78 

Titanium oxide. 

016 

0-26 



oiq 

0-21 

0-10 

Lime . 

018 

0-20 

6-61 

2’96 

1-81 

112 

0-83 

Magnesia . 

0-20 

016 

1'68 

0-76 

1-30 

1-30 

Trace 

Alk^i^ 



218 

0-40 




Carbon dioxide. 



6-20 

2-70 

White 

Brown 

White 

compact 

shale. 


On heating the kieselguhr to 600°-700° C. in a current of air, 
the combined water is driven off and the organic matter bums 
away, so that, whilst the appearance and volume of the earth 
remain unchanged (except for the colour), its power of absorption 
of gases and liquids is increase and it becomes harder. When 
heated, between 700° and 1000° C., these earths contract and 
increase in hardness and apparent density. The cubical con¬ 
traction increases fairly uniformly with the temperature of 
calcination, a block with a volume of 100 c.c. at 700° C. shrinking 
to abotlt 25 c.c. at 1400°-1600° C. The apparent density—or 
strictly the volume-weight—remains constant at 0-6-0'7 below 
700° C., rises rapidly to 1 -4 at 1000°-1400° C., and steadily increases 
to about 2-2 at 14<X)°-1600° C., between which temperatures the 
material fuses. The true specific gravity is about 2-6 below 
1000° C., but at the fusion point it falls to 2-22-2-25. Atot 
77-80 per cent of the total volume of dried material consists of air 
enclosM^in thf cells, this proportion of voids being 6-8 times that 
of lightly calcined clay. 

Tile normal melting point of kieselguhr is 1670°-1600° C., but 
it is sometimes as low as 1300° C. in very impure earths. 

Kieselguhr possesses certain catal^c properties similar tq^ 
^but less marked than, those of freshly deflocculated china clay. 

| t ■ The thermed conductivity of the calcined material is proportiottal 
to its volume-weight, and is very low on account m we large 
'propwtion of voids or air-spaces in the mass. Consequently^ 
.It ia of great value as an inwator. Its heat-ccmducting powei^, 
as oommied ’Willi other materials, is shown in TableXV. 
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Tab£i XV.—TaEBHAi, CoNDUormiy of iNSDUTons 


W 


Material. 

Tempemture of 
BurniDif. ° G. 

• 

1'hertiuki Conductivity, 
gm. cal. pur so. cm. pii>r 
cm. pprl'^Dlff. 

Kieeelguhr . . * . 


0 0018 

Fireclay brick .... 

IMO 

OOOBO 

Bauxite brick .... 

1300 

floo:i:i 

Silica brick. 

\:m 

()*(H)3I 

Mfumeeia brick .... 
CarTOnindum bhek 

1300 

{Ham 

1»UU 

OOU6 * 

Chromite brick. 

i:iou 

o oo;i4 ■ 

(graphite brick .... 
Building brick .... 


0024 

ibfio 

0 0037 

Porcelain. 

_ 

14(H) 

0-0046 


At 2006° F. (1093° (J.) a layer of raw kie»clguhr of 1 in. in 
thickness i.s equivalent to 6-5 in. of good firebricks, or l-35-l'66 in, 
of magnesite bricks. 

The sfwcific heat of kicselguhr ri'seinbles that of clays and 
other ceramic materials and averages about 0-25, so that a com- 
pactesi mass of the material, with a volume-weight of 0-5, absorbs 
21 times as much heat as the loose powder with a volume-weight 
of 0-2, whilst a fireclay brick with a volume-weight of 1-8 will 
ab^rb nine times as much as the powdered earth. 

The chief uses of kicselguhr ^nd other diatomaceous earths ■ 
depend on their lightness and {Mrosity, for which reason they are 
used (a) as heat insulators, (6) as refractory materials,* (c) as 
absorbents, and (d) as fillers. i 

As a heat insulator they are very valuable, and are employed 
for covering steam-pipes and boilers, for safes, fireproof rooms, 
and for filling the bulkheads of steamships, etc. Such earths 
arc of great value in many situations where' both refractoriness 
and heat-insulating properties are desired, but, on account of their 
great porosity, they are of little use for resisting the corrosive 
action of slags and fluxes, and should not be used in exposed positions 
in furnaces, but only as an intermediate wailing, t.e. where their 
surface is protected by firebricks or other slag-resisting material 
on the one side and from the weather on the other. * In such cases 
they are very valuable, and are largely used for covering the crowns 
of kilns and furnaces of various types, and as an intermediate 
walling in boiler settings, blast furnaces, etc. A tunnel kiln 
^^efficiently insulated with kieselnhr on the sides and roof can 
usefully employ 08 per cent of uie available heat in the fuel, the 
outside walls moving only a temperature of 28° C. when that of 
the inside walls is 1260° C. 

. Kiese^fuht has been used as an absorbent for bromine for 
purposes, and for sulphuric acid. “d)ry sulphuiic' 
jia! kiese^^^ saturated with 3-4 times its weight (».e. aboif|' 

.- . j 
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75 per cent) of sulphuric acid ; it forms a loose powder which can 
be shipped or transported with far less risk of loss or damage than 
is the case when the liquid acid is sent in containers. 

Kieselguhr is used in the manufacture of ultramarine and as 
a filler in the production of soap andi cotton, and rubber fabrics. It 
is also employed in compositions used for preventing rot and 
fungus. It is a mild abrasive, and is used for polishing metals, 
and as a tooth powder. *It is also used for making imitation 
meerschaum, in the preparation of paints, as a filtering agent, 
and also in the manufaeture of 8odiy|i silicate (water-glass), as 
it is’easily acted upon by alkalies. 

For use, the kieselguhr is dug m such a way as to produce 
rough blocks, which are stacked in the open and left until they 
contain only 15-25 per cent of. water. The hplf-dry material is 
then taken to the grinding plant, where it is reduced to powder 
and may bo dried still further by passing warm air through the 
grinder. Artificial drying ioes not appear profitable,' though in 
California the blocks are .Exposed to the air for 40-50 days, then 
sawn into bricks ; the (drying is completed in kilns. If calcined 
kieselguhr is required, (the grinding may be postponed until after 
calcination. / 

The calcining is^sually effected in small round kilns, but where 
the output is suffi^ntly largo a continuous shaft kiln is much more 
economical. Tripoli and Mokr are materials somewhat resembling 
kieselguhr, and arc dealt with under their respective headings. « 
Diatomaceous Ooze is a silicons deposit found in the Arctic 
and Antarctic regions, especially the latter. It contains a fairly 
large proportion of mineral matter deposited by ice, and also has 
* a variable' proportion of calcareous matter, such as foraminiferae, 
but oth^ organic materials are very rare. It is of a similar nature 
to thc/fliatomaceous earths found above sea-level, and, when dry, 
is of white or yellowish colour, very similar to tripoli or kieselgulm. 

iSuuvIal Sands are deposits formed by the action of powerful 
sfifeams, floods, or other unusual action of water. They are 
Extremely variable in composition and may contain, in addition 
{to what is usually termed sand, considerable proportions of gravel, 
chalk, limestone, and other impimities. Their value and uses 
depend upon their chemical composition and physical nature. 
These sands must not be confused with those produced by the 
normal action of water, which are termed aJluvud sands. 

Dinas Sand is a pale yellow material produced from the dis¬ 
integration of the famous Dinas quartzite deposits occurring in 
the Vale of Neath, Glamorganshire. The best samples of the 
material contain 98 per cent of silica, 1 per cent of alumina, and 
1 per cent of iron and other oxides, but a more average composi¬ 
tion is: 

SUiOB.98 per cent. . 

■' Clayey matter . . . 4 „ 

Fliuung ozidea . . . 1 „ 
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Dinas sand is largely used for the manufacture of silica bricks; 
lome of these have a world-wide reputation. (Sue also Quartittu, 
). 138.) 

Dolomite Sands are deposits caused by the weathering of 
loloinite limestone; the calqareous material, being soluble in 
vater containing carbon dioxide, is removed in solution, leaving 
ihe more magnesic material behind, together with more or less 
lilica sand. In the Paris basin a limestone has been weathered 
n this way, leaving a dolomitic sand in which arc embedded 
lodules of unaltered limestone, locally known as tHes de chat. 

Drift is a general term for de)X).sits of detrital materials,‘and 
nay be formed as a result of ocolian, fluviatile, estuarine, marine, 
ir glacial action. More often it is applied to deixisits formed as 
i result of glacial action. For siiceial kinds of drift sands see 
ander Blown Bamk (p. 82) and (Hacial Bandn (ji. 1 l.'i). 

Eluvial Sands and Gravels arc dc}H>.sils of loose aggregated 
material foiincd by the action of weathering agencies on the rocks 
below them, and should not be confused with alluvial sands, which 
are produced from the same materials, but have been transjiortcd 
from their places of origin and dcjxisited elsewhere. 

Emery is not a natural sand, but in the jMiwdered state it is 
used so largely os an artificial sand as to be suitably included here. 
It occurs as a greyish, impure variety of corundum, which consists 
of crystalline or granular conmdum mixed with a greater or less 
proportion of iron oxide, chiefly in the form of magntditf! and various 
other accessory minerals, including tourmaline, hercynite, garnet, 
muscovite, diaspore, kj-anitc, rutile, c‘tc. 

At one time emery was obtained almost entirely from the 
island of Naxos, in the Grecian Archipelago, where it ocicurs in 
blocks embedded in the soil and also in the crystalline limestone 
of the islands. It is now found in Asia Minor, especially near 
Ephesus and Philadelphia, where it is also partly obtained from 
the loose soil and partly as a rock which has to l)e mined. 

It is also mined in the United States at Chester (.Massachusetts) 
and Peekskill (New York). 

Table XVI.t shows the chemical composition of the three 
chief varieties of emery. 


Table XVI. —Akalvses or Emerv 


Source, 

Alutniiia. 

Magnetic 
Iron Oxide. 

Silica. 

Mnic. 

Water. 

Gnmach . 

77-82 

8-62 

8-13 

1-80 

3-11 

Naxos 

’ 68-63 

24-10 

3-10 

0-86 

4-72 

Samos 

70-10 

22-21 

4-00 

0-82 

2-10 


Thorpe's Dictionary, 
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The s^cific gravity of emery varies slightly- in different 
localities. The Samos emery has a specific gravity of 3-98, that 
from Qumach is 3-82, whilst the Naxos emery has a specific gravity 
of only 3-75. 

The emery is first broken bji sledge-hammers or powerful 
crushers. Sometimes, prior to breaking, the emery is heated and 
quenched in water or cooled with a oiast of air, so as to cause 
strains in the material #hioh facilitate fracture. The broken 
stone is examined, and any useless material picked by hand; 
the residue is then crushed, washed, and sifted. The smallest 
particles are still further purified by elutriation 'sfith water, and 
are thus separated into various grades. 

Emery is chiefly used as an abrasive, its hardness depending 
on its internal physical structure and the ma,nner in which the 
particles are aggregated together. According to L. Smith, the 
texture is of greater importance than the proportion of alumina 
present.* ■ 

The hardness of various samples of emery as compared with 
sapphire is os follows : 


Sapphire . . . .100 

Oiunaeh emery ... 47 

Naxos emery ... 46 

Samos emery ... 56 


Emery is used in the form of emery-cloth, emery-paper, emciy- 
sticks, etc., the powder being glued by some suitable medium 
to the backing or supjmrt. It''is also used in the form of wheels, 
made by mixing the powder with a binder such as shellac, moulding 
the mixture into the desired shape, and afterwards heating the 
articles in a stove until they are suificicntly hard. In some cases 
emery is bound with a paste consisting of loam and water, but 
such a product would not bo suitable for grinding wheels unless 
the loam were of an unusually plastic nature and so fusible that, 
on heating the mixture in a kiln, the loam formed a fused or vitrified 
bond. As loams are variable in composition, artificial mixtures 
of china clay and felspar are generally substituted when vitrified 
emery wheels are to be produced. 

Eocene Sands, see under subdivisions, Barton Sands (p. 82), 
Bagshot Sands (p. 81), Braeldesham Sands (p. 84), Woolwich and 
Be^irtg Sands (p, 108), Thanet Sands (p. 163). Other Eocene 
sands of lesser importance are dealt with on p. 66 in Chapter II. 

Eskers are winding ridges of sand and gravel, the material 
being sometimes irregularly stratified. They appear to be the 
beds of streams which flowed in or beneath a glacier and were 
left when the ice melted. 

Estuarine Sands (sometimes termed “ muds ”)' are produced 
by the precipitation of finely divided fragmental material carried 
down by rivers to the sea. Some of the finest particles of material 

‘ Amer. Joum. Science, 1851» it 366. 
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in water arq in a state of colloidal suspension, and they reniain 
in this state on account of the repelling action of the electrical 
charge of each particle. Coarser particles are sometimes kept 
in suspension by being surrounded by colloidal matter. When 
the suspended particles come^into contact with the saline matter 
in the sea-water, the charges on them are released and, as a result, 
the particles are flocculated and form larger masses, which settle 
in tne bed of the estuary. For thiss reason, some fine material 
settles quite close to the shore, whereas in the ordinary way fine 
particles produced by coast erosion are carried much farther out 
to sea. ' , 

Estuarine sands consist chiefly of very small particles. They 
are frequently laminated, because changes in the s|K*d of the river 
have caused materials of different degrees of fineness to bo laid 
upon one another, fjamination is also accentuated in tidal flats 
by the constant covering and uncovering of the deimsit by the 
moving water. Whilst silica is the chief constituent of estuarine 
sands, clay is often present, together with a very variable proportion 
of calcium carbonate and organic matter. In some cases, as in 
the Medway and Thames in England, and in the Seine in France, 
these calcareous muds are valued for the manufacture of cement, 
provided they contain sufficient clay. 

The occurrence of estuarine sands in the Oolitic formation has 
been previously descrilied on p. .'51). The.sc sands consist for the 
most jMirt of very fine grains of diffi’rent colours, the ls;ds, on account 
of*thcir fluviatilo origin, Ixnng very variable and of limited extent. 
They vary in colour from almost ^)ure white to brownish. 

At Huttons Ambo occur beds of various colours from cream 
to yellow and brown, the up|)er ones containing clay and grey 
carbonaceous matter. They contain, according to Boswell, about 
84 per cent of silica and 1) j)er cent of alumina, together with about 
I-6 per cent of iron oxide. The lower beds arc much purer, con¬ 
taining only about 0’13 pr cent of iron oxide, of which 0-09 per cent 
can be removed by washing. 

At Denford (Northamptonshire), according to Boswell, the 
cream-coloured Oolitic sand contains about 98 per cent of silica 
and 0-06 per cent of iron oxide, whilst at Tarlmarton the iron 
content is somewhat higher. 

The impurities present consist chiefly of ilmenite and other 
iron-ores, garnet, zircon, rutile, kyanito, tourmaline, glauconite, 
staurolite, muscovite, and anatase. Serpentine also occurs in the 
Huttons Ambo beds. The proportion of impurities is generally 
fairly low ; Boswell found a total of O-S per cent or less impurities 
in the ones he examined. 

Large portions of the beds at Huttons Ambo are quite uniform 
in texture ; according to Boswell, about 85 per cent of the grains 
are between 0-25 and 0-5 mm. diameter, and about 7-5 pr cent 
between 0-1 and 0-25 mm. diameter. At Tadmarton' the beds 
are similar to those at Huttons Ambo in texture, about 80 per 
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cent of the grains ^ing between 0'26 and 0-6 mm. diameter, but 
at Benford the sand is much finer; Boswell found that most of 
the grains in the Denford sand wore between Od and 0-25 mm. 
diameter. This sand is cream in coloim, turning to pinkish when 
burned. , 

The Estuarine sands are used for various purposes. The best 
qualities from Huttons Ambo and Denford are suitable for glass 
manufacture, whilst the mare highly coloured ones (particularly 
the upper beds at Huttons Ambo, which contain a notable quantity 
of clayey matter) are used in steel works and foundries for moulding 
purposes. 

Some of the better qualities at Huttons Ambo are also used 
for the hearths of open-hearth furnaces. 

Feeing Sand is a specially prepared sand which is used to give 
a smooth face to the sand-moulds used for casting fnctal in foundries. 
It is shaken on to the pattern through a sieve and is afterwards 
rammed until it has a thickness of about one inch. (Soc Vol. II. 
Chapter VI.) 

Ferrutdnous Sands are, as their name implies, those rich in 
iron compounds. 

Flre>sand is an artificial sand produced in the manufacture of 
carborundum. (See Carborundum, p. 86.) 

Fluvlatlle Sands (or River Sands) are those found on the banks 
and beds of rivers, streams, etc., and in situations where ancient 
streams existed (see p. 28). They usually consist of sharp angular 
grains, very variable in size and composition, but excellent for 
mortar, concrete, etc., where thd? grains are required to interlock 
with each other. They are also useful for filter beds. 

The fluviatile sands in the Thames, near Woolwich, are recovered 
by dredging, and used as moulding sand for briek-making. Fluviatile 
sands are seldom sufficiently pure or uniform in size of grain to 
be used for glass-making. 

Foraminiferal Sands are calcareous deposits of the skeletons 
of marine organisms formed chiefly on deep floors of the sea in 
different parts of the world (see p. 36). They are only of scientific 
interest and have no commercial value. Sands composed of other 
marine organisms also occur in similar localities (p. 36). 

Fusible Sands are those containing a large proportion of fluxes, 
such as lime, soda, or potash, in the form of felspar, mica, or other 
fusible minerals. A high proportion of iron compounds also 
reduces the refractoriness of sands if they are heated in a reducing 
atmosphere. 

Ganlster is a slightly plastic, fine, siliceous grit, containing up 
to 10 per cent of clay and forming a compact bedded sedimentary 
rook of very fine granular texture. 

The origin of the term “ ganister ” is unknown, but it was 
first applied, in connection with steel furnaces, to the fine dust 
carefully collected from the country roads between Sheffield and 
Penistone, which was rightly regarded as of great value on account 
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of its* refractoriness. As the demands for this material increased 
much faster than the supply, attempts were made to produfce a 
similar material by grinding the rocks used in making the roads. 
Laborious investigations eventually led to the recognition of certain 
outcrops of fine-grained silicp rocks as being the most suitable 
for furnace linings, and the term ganister was therefore trans¬ 
ferred to these rocks. Since then the term has been extended 
(unwisely, in the author’s opinion) tea other silica rocks, some of 
which are quite unsuitable for furnaces, and this has led to much 
loss and disappointment. As, originally, the term “ ganister ” wm 
applied to rocks of a certain geological horizon, viz. that immediately 
below the Ganister Coal in South Yorksliire and isincashire, it 
seems desirable to confine it to these rocks. The use of the Uwm 
“ ganister ’’ for fine-grained silica rocks which lie just above the 
Millstone Grit in other coalfields is ojien to ofijection, as the 
projicrtics of such ganisters are not identical with thosi' of the 
“ true ganister ” of South Yorkshire. The still wider use of the 
term to include siliceous rocks from other geological horizons 
should be avoided as being incorrect and misleading, even though 
such rocks are used for some of the purposes for which true ganister 
is employed. 

The term “ true ganister ”—when used in this volume—is 
strictly confined to the fine-grained siliceous rocks which lie 
immediately below the Ganish'r Coal ; other .similar ro(ks are 
termed " bastard ganisters.” 

True ganister is extremely hard and difficult to irush, Awhilst 
some other rocks sold as gani.ster hiay Im' reduced with comparative 
case to the constituent grains of sand, of which they art; almost 
wholly composed. The best ganister appears to be associated 
with an underlying fireclay. 

Only a small part of the so-called ganister group of rocks is 
of value commercially, as the remainder is too impure to be used 
as a refractory material. The outcrops of ganist<‘r are sjwcially 
sought, os they enable the material to lx-, obtained more readily 
than from the deeper portions of the same lieds. The materials 
from the outcrop are often purer than those obtained from a greater 
depth below the sinface. 

The desirable features in ganister used for the manufacture 
of ganister or silica bricks and for lining furnaces an;: 

1. The angularity of the ^ains. 

2. The evenness or uniformity of the grain size. The best 
ganister rocks consist of grains 0-l-0'3 mm. diameter. 

3. The interlocking of the mass. Rocks with rounded grains 

are generally less pure, less compact, more friable, and more likely 
to have received infiltrated impurities. When the cementing 
material is wholly siliceous, the close interlocking of the grains is 
not so important. _ *, 

4. The presence of only a small quantity of interstitia! 
matter. 
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Table XVII. gives %ures which are typical of .the ganister 
obtained from the chief sources of this material. 


Table XVII.— Analyses of Ganisieb 



J)iirham 

flanititor. 

Hard 

(tanUtpr. 

ShSfflclil 

OanUtcr 

(lewoiMl); 

8t emcid 
UanUter 
(Hollins). 

Bonny- 

nnilr 

Oanbler; 

Laister- 

dyke 

Ganister. 

Silica . 

97-2 

97!) 

88-4 

97-8 

892 

97 0 

Alumina 

1-6 

08 

6-4 

0-2 

4-0 

V5 

Ferric oxide 

0-5 

0*3 

1-7 

02 

20 

0-8 

Lime . 

0-3 

08 

0-7 
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The occiirreiico and distribution of the ganister rocks of South 
Yorkshire have been described on p. 49. 

The Sheffield ganister—which is the best known and the most 
widely used—varies from a pale grey to buff colour, the predominant 
shade being a pale grey. It has an almost constant composition, 
averaging 97-7 per cent of silica, about 0-35 per cent of alumina, 
and about 0-14 per cent of potash and 0-28 per cent of soda, with 
practically no carbonates, and a very low percentage of hydrous 
silicates. The groat superiority of the Sheffield ganister dejiepds 
on its physical properties rather than on its chemical composition. 
Its fracture is similar to that of chert; when ground, it bntaks 
into granular fragments, which interlock readily under slight 
pressure and can easily be compacted into a strong mass. The 
grains are irregular in shape and are very small, generally between 
0'06 and 0'16 mm. diameter. A small proportion of clay is present 
and some of the grains are usually united by a siliceous cement. 
Serioitic mica is abundant, particularly in the thicker parts of 
the beds, and iron stains are frequent, though irregularly dis¬ 
tributed, some portions of the deposits being almost free from 
iron compounds. Felspar is rarely found, but occurs in some 
ganisters. Plant-remains and carbonaceous streaks are very 
common, but do no harai to the material. 

Towards Huddersfield and Leeds the ganister rock is softer 
and contains more clayey matter. The texture is somewhat 
coarse, the wains being generally between 0-05 and 0-2 mm. 
diameter. The fracture of the rock is less cherty and the grains 
jntxluced by grinding are less angular than in the Sheffield ganister, 
so that they do not produce such compact linings to furnaces 
nor such good bricks. Titanium oxide occurs fairly abundantly, 
as rutile, anatase, and brookite. The rocks also contain more 
^felspathic material and white mica than in the Sheffield ganister. 
^ Iron compounds are comparatively common in the cement. 

’ In Derbyshire the ganister rocks ,ate more siliceous and some- 
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whal^ coarser. At Ambergate the nains vary in size between 
0-1 and 0-3 mm. diameter, and a small proportion of heavy detritai 
minerals is present. 

In North Lancashire the ganister is somewhat similar, but 
much inferior to the Sheflifld material, and gtmerally contains 
less than 85 per cent of silica. At Rishton the texture is very 
fine, most of the grains'being about 0-03 mm. diameter, though 
some are as large as 0-1 mm. diamet<*. Flakes of white mica are 
disseminated through the rock, and various heavy minerals, includ¬ 
ing iron-ores, rutile, and tourmaline, occur in the interstitial cement. 

In the Accrington district ganister of rather tetter quality 
occurs, and is known as Warmden rock : it contains ateut 90 per 
cent of silica, 6 jxsr cent of alumina, and less than 1 per cent of 
iron oxide. In South Lancashire the r(K-k is light te dark grey 
in colour, but it is much streaked by carbonaccoiis matter and 
plant-remains, and contains, on an average, about 88 ix-r cent of 
silica and 7-8 jxsr cent of alumina. In texture it is generally very 
fine, the grains averaging 0-1 mm. diameter, though some parts 
are composed principally of grains about OO.'i mm. diameter. 
The cement is partially siliceous, but there is also an appreciable 
amount of clay, as shown by the jx-rcentage of alumina ; in some 
places its conuxjsition approaches that of fireclay. Mica and 
other impurities occur in small ))ro])ortions. 

Bastard ganisters are often used in place of the true ganister, 
apd whilst they resemble the latter in chemical composition, they 
do not possess the same physical tefxture, and the use of the term 
ganister in connection with thefn is lM-.st avoided. They may te 
termed “ silica rocks ” or “ siandstones.” 

It is difficult to distingutei some of the bastard ganisters from 
the true ones with the unaided eye, as both may te fine-grained 
and contain abundant traces of fossilised roots and other remains 
of plants. The difference is readily seen when a thin section of 
the rock is examined under the microscope. 

The principal bastard ganisters occur in Durham and North- 
Eastern Yorkshire, South Wales, lauarkshire (Scotland), and at 
Ballyvoy, near Ballycastle (Ireland). Their distribution has been 
described in Chapter II. 

The Carboniferous Limestone Series contains several bastard 
ganisters, particularly the “ peneil-ganister ” and "the “ Egglestone 
ganister.” 

The peneil-ganister of Durham and North Yorkshire consists 
of a greyish fine-grained rock, streaked with carbonaceous matter. 
In some places, as at Wensley, it has a pinkish tinge, and at Rook- 
hope the upper bed is so darkened by carbonaceous matter that : 
it is termed Wck peneil-ganister. The beds contain a fairly high 
jwoportion of silica, those at Bookhope having from 97-6 to 98 per 
cent. The texture is gencrallv fine, the grains teii^ from 0-1 t»| 
0-16 mm. diameter, the Wensley rock being rather finer than tha^ 
in the beds at Bookhope. ! 
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The black pencil-ganister of Bookhope is very-similar to, 
thoujfh not quite so fine as, the Sheffield ganister, and is prob¬ 
ably one of the nearest approaches to true ganister in the 
district. 

The Egglestone ganister, which oqiurs at Consett, Co. Durham, 
consists of two beds of dirty white or greyish quartzitic sandstone, 
the upper bed being rather coarser than*the lower and consisting 
chiefly of grains up to 0-11 ram. diameter. In the lower bed 
the ^ains are chiefly btdween 0-05 and 0-1 mm. diameter. The 
cement, though largely siliceous, is rather impure, and abundant 
detrital minerals occur. The upper bed is ferruginous in parts, 
whilst mica is common in the lower bed. It is mixed with other 
silica rocks for use in the manufacture of silica bricks. 

At Daddry Shield the ganister is pale buff in colour and very 
fine-grained, consisting chiefly of grains up to O-'l mm. diameter, 
though a few may be as much as 0-3 mm. diameter. Heavy 
detrital minerals are fairly abundant; mica is present* in small 
proportions, but felspar is absent. It is used for silica brick- 
making and, with the addition of clay, for ganister bricks. 

In Scotland, bastard ganisters occur in the Carboniferous 
Limestone Series in Peeblesshire and l.ianarkshiro. In Peeblesshire 
they vary from pure white to dark grey on account of the presence 
of carbonaceous matter. 'I'hey consist of almost pure silica, the 
rock at Cairn Burn containing 98-45 per cent, and that at Deepsyke- 
head 99-44 per cent. They contain practically no felspar or mi<^, 
though ferruginous and titaniferous impurities are sometimes 
common. These rocks are very*rcfractory (Cone 36-37). Their 
texture is very fine-grained, the particles generally being about 
0-1 ram. diameter. 

In Lanarkshire the rocks are rather coarser and more micaceous. 
In some parts they also contain a considerable amount of calcium 
carbonate, which forms part of the interstitial cement. 

In the Millstone Grit Series the bastard ganisters occur chiefly, 
in Scotland. Those mined at Bonnybridge consist of light-coloured 
and somewhat micaceous sandstones, containing 91-96 per cent of 
silica, 0-26-0-30 per cent of alkalies, and 0-0-46 per cent of lime. 
Felspar occurs in small quantities in some of the beds; minute 
particles of mica are, in places, abundant. They are usually very 
fine-grained, coi^isting of particles from 0-075 to 0-1 mm. diameter, 
cemented by siliceous and argillaceous material. 

The Scottish ganisters are used chiefly for making bricks, and 
as nound ganister for steel furnaces. 

The bastard ganisters of the Millstone Grit Series in Cumberland 
consist chiefly of thin yellowish-white or pale grey laminated 
sandstones, usually quite soft and friable, and generally containing 
some felspar and mica. Clay occurs in the cement, together with 
heavy detrital minerals. At Branthwaite the cement is partially 
calcareous end dolomitic. Carbonaceous matter occurs in all the 
beds. In texture they are usually fine-grained, the particles 
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Tarying in nize from 0-1 to 0-2 mm. diameter. At Workington moat 
of the grains are less than 0-1 mm. diameter. 

The Crowntones of Cheshire consist chiefly of a hard, brittle, 
bluish-grey or buff rock; in some parts they resemble Sheffield 
ganister, but are much coar-ser. At Mow Cop, Cheshire, this 
material is pale buff in colour and consists of grains from Od to 
0-2 mm. diameter. A fetr jmrticles of chert occur, but no felspar. 
Thd Congleton bastard ganister is -yAry similar to tlie Mow (kjp 
rocks, but felspar is of more frequent oectirrenci?. 

Ridgeway bastard ganister is |)alo yellowish-grey and very 
fine-grained (O-OOS mm.). Detrital minerals, especially zircon and 
tourmaline, are fairly abundant, and iron compounds also occur 
in small proportions. It is very similar to the Durham bastard 
ganisters, but is not so compact as that in the Sheffield district. 

Litchfield ganister is similor to that at Ridgeway, but is more 
micaceous, abundant flakes of muscovite mica iieing present. 

A bastard ganister occurs in the t!efn-y-fedw sandstone at 
Trevor, near Ruabon, called the Chwarele ganister. It is greyish 
and consists of grains between ()-0!> and 0-1 mm. diameter, associated 
with heavy detrital minerals, clayey matter, and sometimes with 
mica. 

The so-called ganisters of the I>owcr Coal .Measures of Ibirham 
are really bastard ganisters ; they have a rather larger proiwrtion 
of im)>urities and of alumina than th<^ true ganisbTs of the Sheffield 
district. None of these “ ganisters " jKisst'ss the same fineness 
of grain or .such density and hardness as the blue and black ganister 
of South Yorkshire, though portions of the rocks possess somewhat 
similar characteristics. 

The Durham bastard ganister consists gcmcrally of a pale grey, 
fine-grained sandstone, the grains varying in size from 0 05 mm. 
diameter to 0’15 mm. diameter (average about 0-1 mm.). In 
places they are iron-stained, though generally the iron content 
is low. The proportion of interstitial cement is usually small; 
it is chiefly siliceous, and the impurities include felspar, mica, 
zircon, rutile, and brookite, in addition to iron compounds and 
carbonaceous matter. Felspar is generally present in only small 
quantities, but mica is sometimes abundant, as at Kniteley Fell, 
Crook, Consett, and Stanhope. Some parts of the beds are very 
free from impurity, especially at Crook, where it' consists almost 
entirely of pure silica. At Hamstericy, to the south of Wolsingbam, 
the cement is highly ferruginous in some places, though in other 
parts of the same bed it is siliceous. 

The pencil-ganister occurring in the same beds at Crook, 
Hamsterfey, and Knitsley Fell is a white or pale grey rock of fine 
texture, most of the grains being less than O-l mm. diameter; 
the cement is chiefly siliceous end encloses a small quantity of iron 
and titanium compounds and carbonaceous matter. Iron com¬ 
pounds are concentrated along the joints, giving local iron staining. 
Mica is moderately abundant at Crook. 
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The ganisters in this district are chiefly used for-silica hrick 
manufacture, and to some extent for “ ganister-mixture ” for use 
in steel works. 

Glossop’s ganister (Ambergate) is a bastard ganister of a bluish- 
white colour with very fine grains (0'05 mm. diameter), containing 
a considerable proportion of ferruginous matter and muscovite 
mica. It is much iton-stained along the Jbints of the rock. 

The bastard ganister in* the Forest of Dean is yellowisE in 
colour on account of the ferruginous matter; it is quite soft and 
consists of grains up to 0’3 mm. diameter, coated with clay and 
deeply iron-stained. In the same bed occurs a harder and finer- 
grained rock, containing more felspar, ferruginous matter, and 
titanium-bearing minerals, as well as much clay. Both beds are 
used for pound ganister, which is supplied to iron and steel works. 

The IJ'pper Eatmrine Series has several beds of bastard ganister 
around Sheffield and in North Yorkshire. Thus, Castleton ganister, 
found at Deepoar, near Sheffield, consists of a nearly white sand¬ 
stone of fine texture, most of the grains being about 0'15 mm. ■ 
diameter. It has a considerable proportion of siliceous cement, 
and in places the iron oxide gives the rock a buff colour. It is 
used for the manufacture of silica bricks, as a hearth-sand, abd 
refractory mortar. 

The Penril-ganisler of Gommondalo consists of a dark grey, 
rather hard, fine-grained, quartzose sandstone, containing numerous 
carbonaceous streaks. It is very impure, the cement containing 
iron oxide and mica. Most of the grains are between 0-05 and 
Od mm. diameter. It has only' been used for the manufacture 
of silica bricks on a small scale. 

. 'The Hard ganister at the base of the Upper Estuarine Series 
consists of a pale buff, moderately hard rock, having an even 
lexture and consisting of grains averaging 0'2 mm. diameter, 
though some are as large as 0-6 mm. diameter.. The cement is 
a siliceous material containing grains of iron oxide and some 
tourmaline, but almost free from felspar and mica. This ganister 
is used mincipally for the manufacture of silica bricks and also 
for the hearths of open-hearth furnaces. A softer and reddish 
bastard ganister, which occurs at some distance below the Hard 
ganister, is not used commercially. 

From the fdregoing statements it will be seen that of many 
dlica rocks only a few deposits are commercially valuable as 
ganister, and that tl^ term relates principally to siliceous rocks 
having a special texture. This is primarily due to the fine angular 
pains, surrounded by an almost pure siuceous cement, of wUch 
the tnie ganisters are composed. In other wo^, the value of 
ganister is not characterised so much by its geological location, 
fa by the rocks with which it is associated, as by the smallness and 
angularity of the grains. 

Ganister is usra for a variety of purjpoees, but chiefly for lining' 
jgietallurgioal ifumaces and. as the chief constituent of various: 
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mortars, cements, and “ compositions ” used in laying firebiioks, 
patching kilns, and for foundry work. Lump ganiuter is the 
coarsely crushed rock which is only used for rough work. Qround 
garUster —mixed with the requisite quantity of water—can be used 
in any form of furnace construction which will permit the material 
being rammed around a pattern or used in the form of a paste. 
It is largely used in iron-smelting cupolas, Bessemer converters, 
and crucible-steel furnaces, and as a moulding sand by steel manu¬ 
facturers. Oanisler bricks are moulded out of a j)asto made by 
mixing ground ganister, lime, and water. Oanisler mixture, 
pug-ganister, or eompo is a mixture of ganister and 5-20 per cent 
of fireclay; it is used for lining furnaces and for general foundry 
use, and also for patching and repairing kilns, furnaces, cupolas, etc. 

Puramaehos is an artificial ganister consisting of powdered 
quartz, with about 10 jxt cent of clay and a little water-glass. 

Silica cements are made by mixing ganister, silica rock, or other 
siliceous ifiaterial with a binding agent such as fireclay or water- 
glass. 

Ganister Sand is a term used for the. sands occurring in the 
pocket clays of Derbyshire. Such sand Ix'ars sonic resemblance 
to^crushed ganister, but is seldom used in the manufacture of 
pure silica bricks. It is oftem mixed with clay and used for semi¬ 
silica bricks, for which it is very suitable. (Sec also Pocket 
Sands, p. 134.) 

• Garnet occurs in cubic crystals having a specific gravity of 
3'4-4-3 and a hardness of 6J-7J. ,It is generally reddish in colour, 
though dull green, emerald green, yellow, and black varieties 
also occur. In composition, garnet is an alumino-silicate of calcium, 
magnesium, iron, or manganese, or a silicate of calcium and iron, 
or calcium and chromium, or combinations of any of the above 
substances. These differences in composition give rise to various 
kinds of garnets, the chief being altnandine, hessonite, spessartite, 
pyropc, rhodolite, and demantoid. 

Almandine is a purplish-red variety found in the alluvial 
deposits of Ceylon and Minas Novas in Brazil, in the mica-schists 
of fershangarh and Jatiiur States of India, and in gneisses, schists, 
and granites in North America, particularly in the Adirondacks. 
Hessonite is a pale brown or yellowish-red* variety found in the 
®m gravels of Matura district, Ceylon. Spessartite is a red or 
brownish-red garnet which occurs in association with mica in the 
granites of Amelia in Vir^nia, U.S.A., and in the gem gravels 
jK Ceylon. Pyrope is a crimson garnet found in peridotite and 
Serpentine rocks of Northern Bohemia, and alluvial gravels at 
Suita Fd in New Mexico and North-Eastern Arizona, where it is 
known as the “ Arizona ruby.” In South Africa, where it occurs 
associated with Kimberlite, it is known as “ Ca^ ruby.” ShodoliU 
is a pale red or violet-coloured garnet found with rubies in Macon 
County, North Carolina, and at Dewalegama in Ceylon. Demantoid 
is a i^ow .oT emerald-green garnet which occurs in serpentine 
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at Bobrovka in the Ural Mountains, s 

asbestos. Melanite is a black garnet conta i, 

and is found in syenites and phonoiites. ropazome is a noney- 
coloured garnet. 

Small quantities of garnets aro' very widely distributed, the 
chief sources being India, Ceylon, the Umted States, Brazil, Spain, 
and Russia. 

Garnets also occur in W’arren Co., New York, associated with 

hornblende and fel¬ 



spar, from which they 
are removed by wet 
concentration. A 
granite rock contain¬ 
ing 40-50 per cent of 
garnet occurs in 
Merrimao Co., New 
Hampshire, together 
with quartz and biotitc 
mica, from which it is 
separated by crushing, 
screening, and dry con¬ 
centration. In Tra- 
vancore, India, garnet 
is abundant in the 
beach and river sands, 
whilst in Almeria, 


' Spain, it is also found 

in alluvial deposits. A 
Fia. 3.—Garnet sand, x 20. typical garnet sand is 

shown in Fig. 3. 

The finest garnets are used as gem stones, whilst the inferior 
varieties are used as abrasives; the latter are ehiefiy derived from 
India, Spain, and America. 

Garnet is superior to sand as an abrasive, but is inferior to 
emery in hardness. The powder is used for cutting gems and is 
also applied to paper, and so used for smoothing woodwork, scouring 
leather, etc. In North America it largely replaces emery. 

Gas Sands aye those containing or yielding a natural gas. 

Gem Gravels and Sands of great economic importance are 
produced by the concentration of heavy minerals within a small 
area by means of the action of water which tends to carry off the 
smaller particles and those of low specific gravity, leaving a residue 
rich in the minerals of higher specific gravity. The principal 
deposits are those containing diamonds, rubies, sapphires, and 
emeralds. 

Diamond beds are the most important of such placer deprsits 
containing valuable gems; they are widely distributed, though 
in most places the proportion of diamonds is too low to make their 
recovery profitable. The oldest diamond workings known are in 
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some of the .river gravels of India, particularly at Nizam in the 
Madras .presidency, at Sambaipur and Warragarh in the Central 
Provinces, and at Nagpur and Panna in Bundelkhand. These 
world-famed Indian deposits now contribute little to the present 
supply. 

The South American gem sands in the Stab's of Minas Geraos, 
Goyaz, Bahia, Matto Grbsso, ParanA, and SSo Paulo form an 
abundant source of diamonds. In 4)iamantina they occur in 
detritus from micaceous sandstones containing quartz and clayey 
matter with pyrites and tourmaline, but in other localities the 
diamonds are associated with gold, monazib', nitile, anatase, 
brookite, magnetite, hatuuatite, ilmenite, etc. In the State of 
Bahia most of the diamonds are of the carbonado variety. 

Africa now provides the greater portion of the world's supply 
of diamonds, which are obtained partly as gem gravels and sands 
and partly from mines in intnisive igneous rocks. In the Vaal 
River basin on the Great Namaqualand coast of South-West Africa 
the diamonds are scattered through sand and gravel, though in 
some places they have l)een concentrated by the action of winds. 
These deposits consist chiefly of lava, agate, chalcedony, jasper, 
and quartz. The diamonds occur in association with ilmcnite, 
garnet, zircon, mica, and a banded rock termed “ bantam,” which 
is really a spessartite-andalusite rock. On the west const of Africa, 
in the lied of the river .Jiblong, large quantities of diamonds are 
foqnd associated with kyanite, conindiim, zircon, diopside, rutile, 
chromite, magnetite, ilmenite, hwunatite, limonite, pyrites, and 
gold, these deposits having been'derived by the conctmtration of 
heavy minerals from disintegrated mctamorphic rocks.* 

The greater proportion of the diamonds in South Africa are 
obtained by mining an altered basic igneous poridotite, known 
as “ blue ground ” and “ yellow ground ” according to its colour, 
which indicates the extent of its decomposition, the blue ground 
being the least weathered. This rock is j)robably of Lower 
Cretaceous age ; it occurs in large pipes and dykes, the diamonds 
being associated with serpentine, ilmcnite, garnet, diojiside, 
onstatite, phlogopito, picotite, and zircon. The principal pipes 
are around Kimberley, some Iwing as much as 260 yards- wide 
at the surface, though the width decreases with the depth. They 
hasfe been worked to a depth of over 31500 ft. Thb average yield 
is about 200 milligrams of diamonds ner ton of good rock. The 
yellow ground having been more weathered than the blue ground 
is easy to work, being quite friable and equally as rich in diamonds. 
The origin of the ifimberley diamonds is obscure ; possibly the 
carbon was derived from deep-seated basic igneous rocks and 
crystallised out as the pipes cooled down. Other diamond mines 
in South Africa occur in Griqualand West, and at Jagersfontein 
and Kofiyfontein in the Orange River Colony. 

In Australia diamonds are found in drift gravels on the Cudegong 

> Hatch, Oeol. Ma}., 1912, 106. 
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river, near Mudgei, and at Bingera and Inverell in New South 
Wales, and rarely at Echunga in South Australia, and at Beech- 
worth in Victoria. 

Diamonds are found in association with gold in North Carolina, 
Georgia, and California, and with platinum in Oregon, and also 
in an altered intrusive peridotite near Murfreesboro, Arkansas. 
In British Columbia small crystals ale found associated with 
chromite in peridotite at OUvine Mountain. 

In Borneo diamonds are found in alluvial clays, river sands 
and gravels, and also in an Eocene conglomerate. The gems 
are associated with corundum, pyrites, gold, and platinum, the 
matrix consisting chiefly of quartz, together with some fragments 
of igneous and metamorphic rocks.' 

For information on the properties and uses of diamonds see 
under Diamond, p. 96. 

Rttbies and sapphires (corundum) usually occur in association 
with spinel and quartz, and, on account of their highly resistant 
character, are very often found in river sands and gravels produced 
by the disintegration of older rocks, and by the concentration 
of the heavy minerals. Sapphires are found as rolled crystals 
and pebbles in detrital deposits in Ceylon, and with rubies in Upper 
Burma. In Ceylon they occur in association with zircon, 
tourmaline, spinel, corundum, garnet, ilmenite, rutile, chrysoberyl, 
geikielite, picroilmenite, thorianite, thorite, monazitc, fergusonite, 
and baddeleyito. Cassiterite and gold occur to a very limited 
extent.' 

Large sapphires are found in we Zanskar range of the Himalaya 
Mountains, whilst dark-coloured stones occur in the province of 
Battambang in Siam. 

Rolled sapphires arc also found in placer deposits near Helena 
in Montana, U.S.A., in Brazil, and in the gold drifts of Now South 
Wales and Vietoria. 

Rubies are distributed less widely than sapphires. The most 
important source of rubies is Mogok in Upper Burma, where they 
occur in placers (known locally as byon) which have been produced 
by the disinte^ation of a white crystalline limestone interfoliated 
with gneiss. The so-called Australian rubies, Adelaide rubies, 
and Cape rubies arc usually garnets. 

Artificial rubies may lie made by fusing alumina and red fead 
together with 2-3 per cent of potassium bichromate in a fireclay, 
crucible. Sapphires are made in the same wajr, but with the addition 
of s little cobalt oxide. Gems of superior quality are obtained 
by fusing small quantities of the same materi^ in an electric arc, 
the gems being “ built up ” as successive layers are fused on to 
the primary particles. (See also Corundum, p. 93.) 

Other gems found in sand and gravel deposits include andalusite, 

^ Borneo: lie Origin and Mineral Resourcee, trails, from Qermaa by 
F. H. Hatch, London, 1892, j>. 386. 

* Ceylon Adminiatraiioe Reporie, 1903-1909. 
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which* is assbciated with topaz in Brazil placers, chrysoheryl, which 
occurs in association with amethyst, tourmaline, garnet, epinel, and 
topaz in Brazil and Ceylon, and cordierite and zircon, which also 
occur in Ceylon. 

Garnets are described separately. (See Garnet, p. 111.) 

Glacial Sands arc realty of fluvio-glacial origin, and appear to 
have been formed by the action of wajer derived from the melting 
ice upon the materials brought down as a direct result of ice action. 

Glacial sands are generally brownish in colour, thoiigh this 
is not always an indication of a largo percentage of iron. In man,y 
cases it is due to the pn'sence of a jx^aty matter which Umds to 
reduce the proportion of iron (six' Carbonaeeoue Sande, p. 00). 
The glacial sands between St. Helens and Ormskirk (liancoshire) 
are of this character, the projxirtion of iron, according to Boswell, 
being only about 0-05 per cent, although they are dark brown in 
colour. The iierccntage of siliea in these sands is 96-97 per cent. 

Glacial .sands are generally rather coarse and irregularly graded. 
Boswell found that the majority of the grains ore between 0-26 
and 0 5 mm. diameter, the deposits Ixitween St. Helens and Ormskirk 
containing about 12 jx;r cent of particles smaller than 0-25 mm. 
diameter, whilst those of Scunthorpe, Lineolashiri', contain 7-6 per 
cent smaller. Some, however, are much finer, those in Durham 
containing 63-4 jx-r cent of grains Ixitwecn 0-1 and 0-25 mm. and 
32-9 per cent still smaller, whilst the sands at Liston, Suffolk, 
contain 47-8 per cent smaller than 0-1 mm. The grains arc generally 
fairly angular, as little rolling or rounding action has accompanied 
their formation, the movement being more of a sliding nature 
which tends to pnxlucc angular grains, whilst the distance traversed 
is not sufficient to rub off the sharp corners. Glacial sands are 
•much less regular than those formed wholly by running water. 
In some cases rounded grains do occur, but these arc often derived 
from previously existing sedimentary rocks. In Cumlicriand and 
Lancashire deposits of this kind occur, the material having been 
derived from the Trias and other more ancient formations. Glacial 
sands usually occur in association with boulder clay. They often 
occur in lenticular masses in the clay, and consist of angular grains 
of quartz, together with variable (sometimes large) quantities of 
heavy minerals, including garnet, iron ores, tourmaline, hornblende, 
augite, hypersthene, zircon, rutile, kyanite, staurolite, and a small 
•amount of andalusitc. 

Glacial sands are used for various purposes. Some of the 
purest glacial sands of Ijancashire and of Ireland are used for the 
manufacture of glass bottles, and those of Ipswich for steel casting. 
The less pure and inferior sands are used for building and other 
purposes W which a pure sand is unnecessary. Those of DurhiHn 
and Scunthorpe (Lines) are used as moulding sands. 

Glass Sands are those used in the manufacture of various kinds 
of glass and are usually very pure, containing at least 98-6 per cent 
ci silica and little or no iron compounds. 
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Table XVIII., compiled by Boswell, shows the geological 
position of the principal gloss-making sands in this country. 


Tabck XVlil.— Thk Distribution of Grass Sands 


Qcologlt^al Position. 


Nnmo of Sand. 


TAOcuIlty. 


Shore and Blown 
Sands. 

Glacial . 

Upper Eocono 


Lower Eocene 
Lower Cretacooiw 


Middle Oolite 
Lower Oolito 


Upper Trias . 

Lower Trias . 
Carboniferous 


Lower Ordovician 
Doubtful Age (pre- 
(ilaciul) 


Hoadon Hill Sands 
Barton Sands 

Tlianet Beds 

Lower Greensand 


'runbridgo Wells Sand 
Ashdown Sands 

Kellaways Beds 

Upper Estuarine Bods 
Lower Estuarine Beds 

Kouper Waterstonos 

Lower Biuitor Sands 
Coal Measures 
Carboniferous Lime¬ 
stone 
Arenig 

rocket Sands 


Crank, Rninford^ etc. (Lancs). 

Alum Bay, Isle of Wight, etc. 

Fordingbridge (Hants), Long- 
down, New Forest. 

Charlton (Kent), Rochester 
(Kent).^ 

Aylesbury (Bucks), Aylos- 
ford (Kent), Go^tone 
(Surrey), HolUngbourno 
and Bearsted" (Kent), 
Leighton Buzzard (Beds), 
Lynn (Norfolk), Oxted 
(Surrey), Keigate (Surrey), 

Ashuratwood (Suf^ex). 

Fairlight an<l Bulverhyth 
(Sussex). 

Burythorpe and Sorith Cave 
(Yorks). 

Huttons Ambo (Yorks). 

Corby (Northwits), Denford 
(Northsmts). 

Spital (Cheaiure), Alderley 
Edge (Cheshire). 

Worksop (Notts). 

Guiseley (Yorks). 

Mold (Flintshire), Minera 
(Denbigh). 

Stiperstones (Shropshire). 

Parsley Hay (Derbyshire), 
Brassington (Derbyshire), 
Low Moor (Derbyshire), 
Kibden (Staffs), Abergele 
(Denbigli^iire), Rhes-y-cae 
(Flintshire), etc. 


The chief of the beds mentioned occur in the Lower Cretaceous 
formation, and comprise the Lower Greensand, Tunbridge Wells 
Sands, and Ashdown Sands. These beds are used for the best 
quality of glassware, the other formations in most cases being 
only suitable for inferior glass. For further information on glass 
sands see Vol. II. Chapter XII. 

« Glauconitic Sand is so called on account of the presence of the 
mineral glauconite, an amorphous, granular, or earthy hydrous 
potassic-ferric silicate of very variable composition, frequently 
containing also alumina, magnesia, and lime, found exclusively 
^in deposits of marine origin, as in the Greensand beds of the 
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Cretaceous System. Pure glauconite is green in colour, but the 
sand-beds are not necessarily green, as iron and other iiiipurities 
sometimes give them a brown colour which masks the green of tbe 
glauconite. 

Glauconitic sands are sometimes used as fertilisei-s on account 
of the phosphatic matter they contain, and also for rec'overing 
potash, but otherwise th^’ an' of no s|)eeial usi'. 

Cold Placers are alluvial de|x>.sit.s af sand and gravel containing 
a large proportion of heavy minerals, ineltiding metallic gold. 
They are more widely dtstribiih'd than any other valuable mineral 
placers, and are formed in two ways: (i.) by surface denudation, 
whereby the rock containing the mc'tallie gold is disintegraU'd and 
the lighter material earried away, leaving a concentration of heavy 
minerals, cither on the surface of the rock or at the bottom of some 
slojie in the vicinity ; (ii.) by Iluviatile action, whereby much of 
the lighter materials have been removed and the heavier ones 
concentrated in river l)eds and lakes. The most im|«>rtant deposits 
are those of the second class, the gold being usually most abundant 
amongst the coarser gravels at the ba.se of the deposits. In some 
ca.st?8 natural riffles are prcsluced by the u])turne(i edges of rocks, 
ami in the lads of clay or sand eemeiited by iron compounds which 
sometimes alternate with the gravel lasls. 

Gold usually <x’curs in asswaation with heavy detrital minerals 
such as magnetite, ilmenitc, haematite, chromite, garnet, zircon, 
spinel, etc., forming what are known as " black sands ” (p. 82). 

The gold consists of grains of various shajies, some Ix'ing thin 
scales or flakes, whilst other grains are rounded or iriegular. Their 
size varies from that of the finest dust to large nuggets or “ pebbles.” 

Gold placers are chiefly found in th(! Keeent and Pleistocene 
deposits of California, Alaska, Australia, and .Silairia, but they 
also occur in many other geological formations, as on the Gold ('oast, 
Africa, and also in the Transvaal — where gold occurs in ancient 
placers which have been consolidated and afterwards covered by 
other beds—in Russia {Ural Mountains and Siberia), and in Canada, 
particularly in British Columbia and Nova Scotia. Very small 
quantities of gold have been found in various localities, including 
Wales, and even sea-water retains a small proportion in solution. 

The gold drift deposits of Australia consist of gravels, sands, 
and clays, placed quite irregularly and containiifg large houlders 
of quartz surrounded by gold-bearing sand and gravel. 

In California the gold-beds lie at the base of the western 
flanks of the Sierras and consist of loose sand and gravel, covered 
by sheets of basalt and extending sometimes to a height of 2000 ft. 
above sea-level, with a thickness of 200 to 600 ft. The upper 
part of the beds consists of a reddish loam mixed with small gravel, 
below which is a coarse gravel with numerous boulders chiefly of 
quartz. The gold is scattered through the gravel, but is found 
cniefly in the lower part of the bed. 

Gold-bearing beach sands are due to the movements of the 
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sea having concentrated the heavy particles and separated ninjlt; 
of the lighter material. The gold in these deposits is usually 
associated with a black iron-sand, though in some places, as at 
Cape Yagtag (Alaska), garnets replace the iron-ore. Beach placers 
also occur in New Zealand, Oregon, and Chile. 

The sand is of no serious value when the gold has been removed, 
and prior to its removal the value of the sand is solely dependent 
on the cost of extracting tke precious metal. It is obvious that 
if 1 oz. of gold costs £4 to recover in a pure state whilst the market 
price for the metal is below this figure, the sand under consideration 
is of no value as a gold-bearing material. 

Creen Sands are chiefly due to the presence of the mineral 
glauconite as a film or coating on the grains of quartz and other 
minerals present. It may also be due to the presence of an 
exceptionally largo proportion of certain hyvlrous magnesian 
silicates such as chlorite, talc, or scr[)entine. Hornblende, olivine, 
etc., may also give a greenish tinge to sand, though usually they 
are so easily decomposable that they are removed from the sands 
by various natural influences. 

Greensand is the name applied to the marine beds lying, below 
the chalk of the Cretaceous System. It takes its name from the 
green grains of the glauconite (p. ISO) which it contains, but the 
name is somewhat .misleading, as the general colour of these sands 
is brown. The occurrence and distribution of these beds have been 
described on p. 01. The Lower Greensands are of great com¬ 
mercial importance and include the Folkestone, Aylesbury, Leighton 
Buzzard, and Handringham sands'. 

The Folkestone Beds, which are the highest in the Lower Green¬ 
sand, consist of white or cream-coloured sands containing about 
98 per cent of silica. The purest beds occur at Godstone in Surrey, 
where some of the sand is almost pure white, thovigh in places it 
is contaminated by iron stains. According to Boswell, the best 
qualities contain about 99-56 per cent of silica and 0-06 per cent 
of iron oxide. The iron-content is rather high at Godstone, com¬ 
pared with parts of the bed in other localities, but the Godstone 
sand is more uniform and even-grained. At Reigate the pro¬ 
portion of silica is rather lower, but the percentage of iron is only 
0-02. This is due to the fact that the iron compounds are con¬ 
centrated into patches, thus leaving the' rest of the material with 
a smaller proportion of ferruginous matter. A small quantity 
of calcareous matter is also present in the Reigate sand. At 
Westerham (Surrey) the beds are rather impure and of inferior 
quality. At Hollingboume, Bearsted, and Aylesford in Kent the 
iron-content of the best portions of the beds is about 0-04 per cent, 
the general colour being from nearly white tb cream, the latter 
predominating. Both the Reigate and Aylesford sands contain a 
small quantity of calcareous matter. At Rogate (Sussex) calcareous 
matter occurs in patches in the sand. 

The principal mineral impurities in the Folkestone beds are 
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dIhnmDn to moat Greensand beds and are principally tourmaline, 
kyanite, staurolite, ilmenite, zircon, rutile, and limonite. Muscovite 
mica also occurs to some extent. The proportion of heavy detrital 
minerals is generally quite low. At HoIIingbourne and Bearsted, 
Boswell found leas than 0 03 jier cent of such minerals present in 
the sand. 

The texture of the Folkestone beds is generally fairly uniform 
and fine. According to Boswell, at flollingbourne and Bearsterl 
about 94-6 per cent of the grains arc between O-'W and 0-5 miii. 
diameter. At Aylesford, feigaU', and Godstone a ratlier larger 
proportion of finer grains occurs, about l4-5 [x.r cent of grains 
between 01 and 0-25 mm. dianieti'r lading present in Keigate sand, 
16 )K'r cent in that at Aylesford, and nearly 26 [x-r <ient in that 
at Godstone. At Oxted and Limpsfield the ixxls are rather coarse, 
there Ix-ing about 12 jx-r cent of grains over 0-5 mm. diameter 
and little more than I iier cent under 0'25 mm. diameter. 

The a.aount of fine “ clay ” present in the beds varies in 
different localities. In most cases Boswell found less than 0'3 per 
cent, but at Reigate about 2 per cent is presimt. 

The Folkestone beds are used for various purposes according 
to their purity. The best qualities are used for glass-making. 
The Keigate sand is used principally for sheet glass and laboratory 
glass-ware. (Common glass has been inadi. from the deposits at 
HoIIingbourne and Bearsted, Init at present they are not usfxl. 

The iKxner qualities of sand, which (smtain a higher proiwrtion 
of iron, are ustxl for building purposets, abrasive Boa|)s, and os 
silver sand. 

The Aylesbury Sand is one of the whitest and jmrest sands in 
this country ; it occurs in beds about 18 ft, thick, in association 
with iron and carbonaceous matter, these materials splitting the 
white sand into beds 4-6 ft. thick. Aylesbury sand is very similar 
to those of Fontainebleau (France) and contains, according to 
Boswell, 99-8 per cent of silica and only 0 03 per cent of iron oxide. 
The usual mineral impurities of the Greensand formation are 
present in small quantities. It is very uniform in texture, over 
78 per cent of the grains being between 0-2.'> and 0-5 mm. diameter, 
whilst about 15 per cent are Ixjtwcen Od and 0-25 mm. diameter, 
Sind about 6 per cent between 0-01 and Od. A typical micro- 
photograph of Aylesburj' sand is shown in Fig. 4. It is chiefly used 
in the manufacture of flint glass. 

The Leighlon Buzzard Sands vary from nearly pure white to 
pale yellow sands associated with carbonaceous matter to highly 
ferruginous deposits. The best beds of “ pale sand ” contain, 
according to Boswell, about 99-6 per cent of silica and 0-2 per cent 
of iron oxide. The impurities present are practically the same 
as in other Lower Greensands. 

The texture of the Leighton Buzzard sand is somewhat coarse; 
Boswell found that 20-50 per cent of the material consists of 
grains between 0-5 and 1 mm. diameter, and 17-86 per cent 
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between 0'26 and 0-5 mm. diameter. There is practically no 
“ clay ” present. It is a very pure sand from a mechanical 
standpoint, there being sometimes only O-l per cent of material 
which is not true sand. 

The best qualities of the Leighton Buzzard sand are used for 
glass-making. The coarser sands are principally used for filtering 
purposes, the manufacture of concrete,* and for grinding, whilst 
the parts which contain toolnuch iron to be used for other purposes 
are suitable for building. Some of the sand is used for casting 
in foundries. 

Lynn or Sandrimjham Sand is found in the liowcr Greensand 
IkmIs to the east of the Wash in Norfolk (p. 64). It occurs in 
the Sandringham sands formation, and is worked at various places 

around King’s Lynn, 
including Middleton 
V ,> andGayton. The sand 

. ^ varies in cblour from 

1 4 -,.^ ^ ^rey to reddish, the 

y 1 _ purest beds containing, 

„ 'ih C according to Boswell, 

/ 4; " 1 about 99 jwr cent of 

■ > silica and 0 •04 per cent 

' \ r , of iron oxide, and arc 

. , » thus rather richer in 

^ ' iron than the Ayles- 

. • ■ , bury sands. Lynn 

••^ sand is also rather 

' coarser, most of the 

grains being between 
' - 0-26 and 0-6 mm. 

diameter. 

The texture of 


Lynn sand is very 
Fui. 4.—Aylesbury high silica sand, x 20. remarkable. Accord¬ 
ing to Boswell, it is 
the most even-grained glass-sand in the eountry, especially that 
found in the vicinity of Middleton, which contains about 95-1 pr 
cent of grains between 0-25 and 0-5 mm. diameter. It is rather 
richer in iron than may be desirable, but is highly valued. The 
heavy detrital minerals present are characteristic of the Greensand 
formation generally, though Boswell states that the deposit is 
rather richer in felspar than most of the Greensands and that 
garnet occurs to a small extent. 

The Lynn sand is very uniform in qualitv. It is used for various 
purposes, including foundry moulding, building, glass-making, etc. 
The purest beds are used for glass ; some of the red sand which 
occurs extensively in these bras is used in the manufacture of 
black bottles, whilst the pale sands are used for window-glass, 
plate-glass, laboratory ware, electric lamp bulbs, bottles, etc. 
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NcUr Gayton the sands are more felspathic and contain only 
about 97 per cent of silica. The jiroportion of iron compounds 
is also considerably higher, Ixdng almost ()-19 f)cr cent, and rather 
less true sand is present. Glauconite is disseminaU'd through 
the sand usually as a coating over the .silica grains, but in plactts 
it is concentrated into greenish scams. The Gayton sand is largely 
used for the manufaeturo’of glass bottles and also for the hcartiu 
of Siemens oiRm-hearth furnaces. • 

Grey Sands are of no particular value, but if their grey tint 
is due solely to carbonaceous mattm- and the sands are otherwise 
pure they may Ire \ised for glass-making, foundry-work, etc. A 
grey sand should always Ix' tested for calcium carlxmate prior 
to making an extorsive e.xamination, as limestone dust is of little 
value except in ec il mines. 

Hastings Sands comprise the Iwils iHdween the I’urbcek strata 
at the top of Oolite formation and thrr Wr'aldeir tasls. Th(\y include 
the Tunbridge Wells sand, Aslulorvn sand, and Kairlight clay, 
and occur in the north-cast of Sussex and the south-west of Kent. 
Their occurrence and distribution have already been described 
(p. 01). 

The TunhrUije Welb Sand occurs at the top of the Hostings 
beds immediaUdy below the Weald clay in the neighbourhood of 
Tunbridge Wells (p. 01). It consists of a creamy-white sand 
containing, according to Boswell, about 99 |X‘r cent of silica and 
0 01 jier cent of iron oxide, the colour dee|xming slightly on burning. 
About 85 ]X!r cent of the grains are between 0-1 and 0-25 mm, 
diameter, and there is rather a higher proportion of dust than in 
the Ashdown sand, which occurs in the same formation, the 
projmrtion of grains less than 0 01 mm, Ixjing 2-5-3 0 jjor errnt. It 
also contains a rather larger jxrrewitage of heavy minerals (about 
0-24 per cent), the principal ones found by Boswell being zircon, 
rutile, ilmenite, and tourmaline. Muscovite Hakes, glauconite, 
and anatase also occur in small quantities. In jiaccs, the sand 
is hardened, forming a soft sandstone as at Ashurstwood, near 
Ea.st Grinstead. 

The Tunbridge Wells sand is used for glass manufacture. 

Ashdown Sands form one jxrrtion of the Hastings beds and 
occur chiefly around Fairlight and Hastings in association with 
lignite (p. 61). The sand is pure white and eoiltains less than 
0'02 per cent of iron compounds, this very low figure being duo 
in all probability to the reducing action of the carbonaceous matter 
usually associated with the sand, whereby the ferrous salts are 
largely removed in solution by percolating waters. Boswell gives 
the following chemical analysis of the sand near Hastings ; 


Silica . 

Alumina 
Ferric oxide 
Lime . 
Magnesia 
Loss on ignition . 


99-47 per cent 
0-24 M 
0002 „ 
0-29 „ 

• trace 

0*20 per cent 
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This sample is almost as pure as the best Fontamebleaif sand ; 
on burning, it has a slightly pink colour. It is very even-grained 
and consists for the most {>art of grains between 0-25 and 0-5 mm. 
diameter, there being only 16 per cent smaller than ■0-25 mm. 
According to the mechanical analysis by Boswell, there is about 
99’8 jier cent of true sand (i.c. grains between 0-1 and 0-5 mm.) 
in the deixjsit. This consists chiefly of'fine quartz grains together 
with a very small proportion of heavy minerals (about O'Ol per 
cent), including magnetite, limonitc, ilmenite, chiefly altered to 
leucoxcne, brown tourmaline, zircon, rutile, and muscovite. 

At Bulvcrhytho the sand is very similar to that previously 
descried, but is rather richer in iron compounds. Boswell found 
that the grain-size of the bulk of the deposit is approximately 
the same, but there is a greater proportion of both the finest and 
coarsest grains, the total percentage of particle between Od and 
0’6 mm. wdng about 99 per cent. 

Ashdown sand is largely used for glass manufacture, some 
parts of the btxls being equal in quality to the best French glass- 
sands. 

Infusorial Earth is a sand consisting of the siliceous remains of 
diatoms and other living creatures. (See Diakrtnacetma Earth, p. 96). 

Iron Sands are black and brown .sands which are rich in iron 
compounds. Black iron sancLs containing the magnetic iron oxide 
occur on the shores of the river Natashkwan, which flows into the 
_ Gulf of St. laiwrence about 630 miles north-east of Quebec. The 
sand occurs in patches in the dunes and sandy beaches on a long 
peninsula betwcicn the river and the sea, to the north-east of its 
mouth, and continuing for a distance of six to eight miles eastwards 
along the coast. The iron-l)earing material has been concentrated 
by the action of the river’s normal current, the incoming tide, the 
outgoing tide, and the winds blowing cither up or down stream. 
The crude sand contains about 14-7 per cent of iron oxide and 
443 jjer cent of titanic acid. The deposits have not been worked 
to any great extent, but an investigation was made upon them 
in 1913 by the Canada Dej)artment of Mines, Ottawa. Ferruginous 
sands occur in the beds known as Nort^mpUm Sands (p. 59) 
and are in some cases used as a source of iron-ore. 

Other iron sands have not been fully investigated, but unless 
they are as rich in iron oxide as a good iron-ore they are of no value 
as a source of that metal. Usually, they can only be used for 
building and agricultural purposes. 

The presence of iron sands in other purer sands is a serious 
detriment to the latter and one of the chief reasons why so many 
sands are of no serious commercial value. A typical iron sand is 
shown in Fig. 5. 

Jurassic Sands, sec Ooftfe Sands (p. 132) and Lias Sands (p. 124). 

KcUaways Sands occur below the O:dord Clay of the Oolitic 
formation. Their occurrence and distribution have already been 
described on p. 58. They vary in colour from nearly wmte to 
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brovmkh, a pale brown being the predominant tint. The pro¬ 
portion of iron oxide varies in different localities. At Burj-thorpe, 
near Malten, Yorks, up to 0’22 jier cent together with about 
1-6 per cent of alumina and some quantity of calcareous matter 
was reported by Boswell, who also found that the mineral impurities 
present in the Kellaways beds are typical of the Inferior Oolite 
rocks, and consist chiefly* of magnetite, ilmenite, garnet, rutile, 
zircon, staurolite, tourmaline, and muscovite. Towards Sancton 
the amount of mica present is considerably increasi-d. 

The Kellaways beds vary in texture in different localities, 
though that at Burythorpe is quite uniform and rather tine. At 
Burythorpe and Levening, Boswell found that approximately 
equal proportions of grains lie Iwtween 01 and 0-2.') mm. and 
0-2.5-0-5 mm. diameter 
respectively. AtSrfuth 
Cave, how'ever, over 
90 j)er ew't of the 
grains lie between the 
sizes O'l and 0'25 mm. 
diameter. The propor¬ 
tion of “ clay ” present 
is generally less than 
1 per cent. 

The sand at Bury¬ 
thorpe has been used 
in the past for glass¬ 
making. but it is not 
at present being 
worked. At South 
Cave the Kellaways 
beds are mixed with 
those from the Estu¬ 
arine Series and used 
as moulding sand. 

Keuper Sands occur 
above the Bunter Beds in the Triassic System and consist 
largely of marine and aeolian material. Their occurrence and 
distribution have already been dcscrited on p. 52. Most of the 
sand-bearing material in the Keuper Series consists ef soft myish 
or white san^tones, the principal beds being the Keuper Water- 
stones, which occur chiefly in Cheshire (p. 53). Near Spital 
the sandstone is cream-coloured and yields a sand containing 
(according to Boswell) about 94-6 per cent <if silica, 3 per cent 
of alumina, and about 0-06 per cent of iron oxide. The high pro¬ 
portion of alumina is due to felspar and clay, and is characteristic 
of the Keuper beds. The alumina renders the sand specially 
suitable for the manufacture of bottle-glass on account of the 
strength which it imparts to the ware. Other heavy detrital 
minerals occur up to about 0'06 per cent and include ilmenite, 
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magnetite, tourmaline, zircon, rutile, and anatase.. The bulk of 
the grains are between 0’25 and 0-5 mm. diameter. The proportion 

of “ clay ” separated 
mechanically is gener¬ 
ally less than 3 per 
cent, whilst the total 
amount of true sand is 
about 96 per cent. 

At Alderley Edge 
in Cheshire there are 
large tips of sand from 
the Keuj)cr Water- 
stones which, accord¬ 
ing to Boswell, consist 
chiefly of grains be¬ 
tween 0'25 and 0-5 
mm. diameter, to¬ 
gether with about 17 
piT cent of grains 
between 0-1 and 0-25 
mm. The iron con¬ 
tent is fairly low 

Km. tl.—AUlerley red moulUing ssisl. 20. (about O’ 12 [X'-r cent), 

but the percentage of 

alumina is fairly high. A typical microphotograph of Alderley 
lied moulding sand is shown in Fig. 6. 

Kieselguhr, see Diatmnaceous Earth (p. 96). 

Lacustrine Sands are of the .same general character as E.stuarine 
sands, c.\copt that the organic constituents are different. Such 
sands are largely a product of fluviatile action, though in some cases, 
as in mountainous regions, much glacial material has found its 
way into the beds of lakes. Examples of this type of deposit 
are very common in Switzerland, especially in the Lake of Geneva, 
but they are not so readily recognisable in British sands. Laemstrine 
sands are usually fairly uniform in texture, but tend to be very 
variable in chemical composition, and when that is the case they 
are of little value. The purer varieties are used for glass, foundry 
work, etc.; the others make good building sands if the grains are 
not unduly rounded. 

Lias Sands occur in the Lias formation (p. 56). They are 
seldom of groat commercial value, but in some localities are largely 
used for building purposes. 

Limy Sands are those containing limestone or other compounds 
of lime. They are partially fusible, as the lime and silica combine, 
when heated, to form a fusible silicate, but if such sands are heated 
they do not nielt completely. On the contrary, an apparently 
unaltered mass remains on heating the sand to the highest tempera- 
,.turea in a gas-heated furnace, but if the heated mass is allowed 
desppool it fiuls to pieces at a touch, producing a mass of fused and 




LOESS 


125 


unfused grains. Limy sands are best avoided for all industrial 
purposes.; their composition is usually variable and their Iwhaviour 
is always uncertain. Their chief uso is in agriculture, where they 
lighten the soil and at the .same time neutralise any a<udity in it. 

Lithomarge is very similar to but less ferruginous than Bole. 
(p. 84). It may bo regarded ivs a ferruginous sand eompactat 
with clay to form a soft stone. It is sometimes used as a source 
of iron, but is of little commercial valiu^as a sand. 

Loam is a term used to describe a light oism soil consisting of 
sand, clay, and carbonaceous matter. Other tc^rms such as “ sandy 
loam,” “ clayey loam,” “ calcareous loam,” an? used to denote 
the predominating comstituent. 

Hroadly sj)caking, any sandy clay may bo termed a loam, 
but when less than 20 jkt cent of clay is pre.sent the term “ sandy 
loam” is preferable.’ Sandy loams arc of great value in iron 
foundries for casting purposes. Is)ama containing less sand are 
often of vdlue for brick-making, as some clays are too [dastic and 
w'ould shrink excessively if used alone. With sand, however, 
the shrinkage is reduced ami good bricks can be imule. Highly 
sandy clays arc used in the manufacture of “ cutter ” and “ ndiber ” 
bricks (see Vol. II. Chapter I.). Some loams contain a largo pro¬ 
portion of gravel, and this is costly to separate. 

The term “ loam ” must not be oonfusi^d with one nu-aning 
of the German word “ lehm," which signifies a product of tho 
action of the weather on glacial drift and other rocks, forming 
a kind of loess (see Ijelow). 

The disintegration of Triassic rocks gives rise to a light sand 
or a somewhat stiff loam, whilst the Lias of Oxfordshire also forms 
a rich friable, loam. Any rocks which yield a mixture of clay 
and sand on exjmsure may be regarded as ))otential sources of 
loam. 

Artificial loams are often made in order to ))roduco a material 
of definite composition and proiswties. They arc made by grinding 
clay and sand in a suitable mill. 

Loess is a fine silty material .sometimes erroneously termed 
“ clay,” but it neither pudrlles nor holds water Uke clay. It occurs 
in large deposits extending over large areas in America, Europe, 
and Asia. 

Loess is found up to a height of .5(KK) ft. in the Carpathians, 
8000 ft. in Shansi (China), and probably higher farther west. In 
North China, according to Richthofen, it is li)00-2000 ft. thick. 
The adobe of North America- a similar material—^is sometimes 
2000-3000 ft. thick. 

Loess consists of angular quartzose sand of a dirty yellow, 
brownish, grey, or black colour mixed with 10-30 per cent of silt 
and clayey matter, and, in some cases, with chalk, limestone, and 
carbonaceous material. 

Felspar, hornblende, and heavy minerals common to sands 
occur in variable and often considerable proportions, and mica 
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flakes are disseminated quite irregularly through the mass'. The 
particles are chiefly angular in shape, and are intermediate in size 
between fine sand and clay. Its most distinctive characteristic 
is its behaviour when weathered, for, whilst sand and clay are 
worn down to gentle slopes, the loess stands in vertical faces which 
often presjsnt a roughly columnar appearance. Shovel marks and 
wheel tracks remain clearly defined for jfears. 

The origin of these dejibsits is much disputed. It is probable 
that thret) different forces have taken part in the formation and 
that it is due to a combination of glacial, fluviatile, and aeolian 
actions. A loess-like material found in America and termed 
“ adobe ” (p. 70) appears to be of fluviatile origin, though it may 
partly bo of aeolian origin. The extraordinary uniformity of 
loess suggests that it is an aeolian deposit, especially as it usually 
occupies the high ground, whereas water-deposits arc usually in 
valleys or hollows (lake-beds). A dry climate is essential to its 
formation. " 


The loess occurring in the plains of China consists of a fine, 
soft, crumbling, calcareous silt of a yellowish or buff colour, formed 
probably by the accumulation of wind-borne dust produced as 
a result of the drying of pre-existing glacial mud. It is very 
homogeneous, sometimes stands up in walls several hundred, 
feet Ugh, and is curiously resistant to weathering actions. It is 
probably held together to some extent by the many fine vertical 
tubes in it, form^ by rootlets and lined with a calcium carbonate 
film. 

In Europe much of the loess consists largely of clay, the deposits 
on the Rhine containing only 18 per cent of sand and 16 per cent 
of chalk, the remainder being clay. Its composition, however, 
varies considerably. 

The occurrence of tnio loess in Great Britain has been denied ; 
in any case it can only occur in insignificant quantities. 

In Russia the loess (locally known as “ tchemozom ”) is of a 
similar nature to that of CUna, but, on account of the large pro- 
Mrtion of organic matter, it is black. It is thought that the 
European deposits are cUe% the'result of glacial action. 

Loess appears to be useless as an industrial material, and even 
agriculturally it is of variable value. 

Manganese 'Sands and Gravels are sometimes produced by the 
weathering and surface denudation of manganese ores, especially 
in Japan (see also Wad, p. 167). They sometimes form a source 
of manganese, but are not otherwise of great value. 

MaAie Sand is the sand formed on the seashore, but the term 
is also applied to ail sands originally deposited from sea-water. 
It is quite incorrect to suppose that all marine sands are salt, 
though those still in contact with sea-water are so. Marine sands 
are usually coarse, very variable in composition and in size of 
grain. Those derived from ancient sea-Wches are often con¬ 
solidated into sandstone and have to be crushed before use. Whilrt 
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sands from existing seashores are of doiibtfui V|>lue — except for 
some building purposes of a rough character—those derived from 
marine deposits of remote geological pt'riods are often valuable 
on account of their uniformity, alike of grain, size, and oonipositidn. 
The Greensands, Bagshot sands, Thanet Is'ds, an<l some of the 
Bunter and Keujxir deiwsits arc of marine origin. 

Metalliferous Sands ant* Gravels are deposits eontnining a largo 
proportion of particles of metallic iHinerals which have bt^en 
concentrated by the action of water, which has removed the grains 
of lower specific gravity. This concentration of heavy minerals 
in sands is due to several causes : 

(i.) The normal current of a river t<*nds to carry sand slowly 
along the bed towards the mouth of the river. 

(ii.) The incoming tide reverses the flow of water in the mouth 
of the river and chuscs the latter to dejmsit its susjX'iulcd load, 
and also carries a considerable quantity of sand uj) the river. 

(iii.) Winds, either up or down stream, lift the dry sand from 
the surface of the lieaches at low water. As the toj) layers of 
sand become dry, the lighter |)articles arc blown away from the 
heavier sand. The heavy sand is also moved by the wind, but 
at a much slower rate. In this manner the heaviest grains are 
gradually concentrated, and in the course of hundreds of years 
large teds of heavy sands are produced. 

(iv.) The o\itgoing tide u<lded to the ih)w of the river causes 
the sands to rush towards and out of the river's mouth. 

By these various means the sand is first carried down the river 
to the sea and is then driven up on the Ixiaches by the tides and 
prevailing winds, after which the constant wash of the water 
carries the lighter particles ahead of the heavier ones, leaving 
the latter in thin bands and layers [mrallel to thc..shore. Successive 
waves add fresh material and continually .separate the lighter from 
the heavier minerals. The wind then continues the sf;puration 
as described above. 

In some cases deposits of heavy detrital minerals may be 
produced by the decomposition in mtu of metalliferous veins 
and rocks, followed by the removal of the lighter minerals by 
various denuding agencies, leaving the heavy minerals behind as 
a highly concentrated deposit of the particular mineral which 
predominates. 

The principal metals found in concentrated surface depOTits 
are iron, gold, titanium, tin, tunwten, platinum, palladium, iridium, 
manganese, cobalt, zirconium, thorium, etc. For further informa¬ 
tion on these deposits sec Placera, p. 133. 

Miocene Sands. —It is very doubtful whether any such sands' 
occur in this country (see p. 72). 

Moler is a sandy material somewhat resembling kicselguhr or 
diatomaceous earth (p. 96), but it is less refractory and contwns 
a considerable proportion of clay and volcanic ash, for which 
reason it is self-binding and can te made into bricks without any 
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other bond. It is found chiefly in Norway, and a typical analysis 
of this material as used by Moler Products, Ltd., is as follows: 


Silica (chiefly diaiomB) 

. . . 66-9 

Ferric oxide . 

. . . 9-9 

Alumina 

. 130 

Lime .... 

. . . 10 

Magnesia 

. • . . 1-6 

Sulphuric anh|^drido . 

. 0-2 

AlknlioB 

0-8 

Loss on ignition . 

. 9-6 


1000 


It is chiefly used for the inamifacture of insulating bricks, but 
these are more fusible than the ones made of purer kieselguhr. 

Monazite Sand is a sand containing a large proportion of the 
mineral monazite, which has recently become important as a source 
of thoria and ceria. It is chiefly found in sands along the sea¬ 
shore at Travancore, India, and is derived from the gneisses. The 
selective action by the waves on these sands (p, 127) has led to 
the local concentration of tlu! monazite in large quantities. Near 
Cape (iomorin at low tide the bleach is often a glistening mass 
of rounded grains of yellow monazite. Monazite also occurs in 
association with the graphite of South Travancore and in pegmatites. 
In the graphite mine at Vellanad, sixteen miles north-east of IViv- 
andrum, monazite was found in a rock tilling a fault crack. This 
rock is composed mainly of brownish crystals of monazite in a 
matrix of felspar with a little quartz. 

Monazite also occurs widely in the Tinevilly district in the 
older dunes, in the dry IhMs of the streams draining eastwards 
from the hills, and in the beach sands, where they have undergone 
slight concentration. It occurs in the streaks of black sand at 
Waltair and Bimlipatam, in similar streaks near the entrance 
to Chilka Lake in Orissa, and sparingly in concentrates from Idar 
Central. 

lairgo placers of monazite sand occur in South America, esj)ecially 
in Brazil, in the provinces of Bahia, Minas Geraes, Espirito Santo, 
Matto Grosso, and Goyaz. The Brazilian deposits are the most 
important, much of the sand containing 90 pr cent of monazite 
and 4-7 per Cent of thoria. In the United States monazite is 
found in many localities. Thus in Idaho and Montana it occurs 
as an accessory mineral in granite and in the sands and gravels 
derived from pre-existing igneous rocks. Placer deposits, river 
and beach sands containing monazite, occur in various parts of 
'Indiana, South Dakota, Nevada, Utah, Washington, Wyoming, 
Colorado, Oregon, California, and New Mexico. The principal 
areas are in the South Mountain region of North Carolina, 
particularly near Mars Hill, Madison Cormty, and in the adjoining 
parts of South Carolina and in the alluvial deposits along the 
streams from the great granite area around Centerville, Idaho. 
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In "Idaho- monazite occurs in sands derived from the dis¬ 
integration of a light grey granite. In the Musselshell district 
theWds contain 31-55 per cent of monazite and 0-88-1-86 per 

cent of thoria. « j . j 

Monazite sand occurs in various parts of Nigi-na, m the federated 
Malay States, and in the protected states of Keilah and Kelantan. 

Monazite sands are usifclly black, due to the presence of largo 
proportions of magnetite and ilmeniti- ;•they are red when garnets 
are in excess, but where there is abundant of (juartz or ealcito 
a grey sand is produe-ed. The portions riehest in monazite have 

a yellowish tinge. , x j 

The monazite in the sands or erushwl rock is concentrated 
by washing in sluices in a .similar manner to alluvial gold. The 
concentrated sand is then dried, and the magnetite and other 
ferruginous materials extracted eicctro-magnotically, the j)roduct 
containing 65-70 iicr cent monazite, 5-7 per <-ent of thoria, together 
with valuable projiortions of zircon, garnet, rutile, corundum, etc. 

Monazite is e.ssentially cerium orthophosphaU', but it always 
contains other rare earths, including thorium, lanthanum, and 

^*Table XIX., due to S. Johnstone,’ shows the comimsition of 
various samples of monazite : 

TABI.K XIX.—Analyskb of Monazitk 




« . 
11 
ll 

Thorium oxide. 

6-(m 

0-5 

Cerium oxide, LunO 
thanum oxidf*, etc./ 

fi212 

01-40 

Yttrium oxide . 

i)-6h 

0-70 

h>rric oxide 

0-97 

ii) 

0 (18 

Alumina 

(MO 

Lime .... 

0 21 

0-80 

8iItoa .... 

0-7.'> 

0 04 

Pboaphoric acid 

28-60 

28-40 

Loss .... 

0-88 



- «* 
•s e 

'Ax 


•.i\ 

»U 88 


\4 

25»-28 

020 




•i" 87 
80 18 
li 14 
0-81 
fH7 
11-41 
I 08 
27-07 
0-20 


t: 

t ~ 

10-22 
81-Wf 
28'00 
0-40 
1-50 
0-17 
0-20 
0-00 
20-82 
0-10 


-• « 

ii 

I« 

iji 






:tr/\ 

8-.88 

9 53 

80-72 

80-02 

81-40 

20-20 

25-401 
82 72/ 

64 (tt 

2-74 

2-IM) 

2-HO 

2 4 

8-0 

0-75 

0-81 

0 04 

0-05 

2-78 

0-07 

0-16 

0-10 

(Mil 

0-17 

1 -20 

0-82 

0 02 

1-U8 

20-20 

20-02 

23-02 

27-87 

0 25 

0 44 

1-28 

0-62 


Monazite is generally found in small grams or monoclim 
crystals of a yellowish to brownish colour somewhat resemblmi 
amber. Occasionally it is found in wcll-develor»d crystals one 
fourth to three-eighths of an inch in length, and more rarely t 
crystals 2 in. or more in length. The niore 
very small, seldom exceeding 5 mm. in length; many are 0-l;0-2 mm 
and more frequently the crystaU arc micros^mc in dimensior 
Some monazites contain very little thoria, whilst others contei 
a large proportion up to 32 per cent; yttrium and OTbiuin oxide, 
uramuni o»de, zirconia, marmanese oxide, and titamuin oxid 
nmy also be present. A typical monazite sand is shown m 1-ig. 7. 
i J. Soc. Chtm. Ind., 19U, SS, 66. 

- T0L.I * 
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Monazite h&s a resinous to vitreous lustre, and is translucent 
to sub-transparent. It is brittle, with a conchoidal to uneven 

fracture and a hard¬ 
ness of 5 on Mohs’ 
scale ; it can readily 
be scratched by felspar 
(hardness 6) or quartz 
(hardness 7); it has a 
high specific gravity 
(4'6-53). 

Monazite is chiefly 
used as a source of 
thoria and ceria for the 
manufacture, of incan¬ 
descent mantles.* 
Monazite is also used 
as a source? of cerium, 
lanthanum, and other 
rare metals whichwhen 
alloyed with iron 
possess the property 
of emitting a flame of 
great brilliancy with 
little heat and smoke 
when scratched with stinil. As the sparks produced readily ignite 
gases, tinder, alcohol-wicks, and explosives, these alloys are 
used commercially as substitutes for matches, etc., and in military 
signalling. 

Moulding Sand is that used for casting metal articles in foundries 
and other works. Particulars of the requirements and use of 
moulding sand will be found in Vol. II., Chapter VI. 

Table XX., due to Boswell, shows the geological position of 
the must inqrortant moulding sands in this country. 

Mud is a tine-texturcd fragmental material formed in water, 
usually by fluviatile action, and corresponds to the dust deposits 
formed on dry land, the only difference being that the former are 
wet and the latter dry. Muds are usually derived from fine 
fragmental material carried out into lakes or seas by river-action, 
sea-erosion, etc. They consist of minute particles of quartz, 
felspar, mica, and other minerals, together with a variable pro¬ 
portion of clay, organic matter, and calcium carbonate. Various 
minerals are sometimes present in sufficient quantity to give the 
muds a characteristic colour, such as the black and the blue muds 
of the Black Sea, which contain iron sulphide and bisulphide, 
precipitated from solution as a result of anaerobic bacterial 
action. 

* A. von Welsbach patonied the uae of thoria for rntmtles in 1888; it 
was found later that the presence of 1 per cent ceria gave a greater illuminating 
effect. 
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Kio. 7.—Monazite sand, x 20. 
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'J^ADLii: XX. —Distribution or Moui-dinq 8ani>8 


I 


I 


(tcoloijdf'ui Pof^tion. 


Rofcnt 

M'liainoH Kami. 

Cilocial 

Durham. 

Doubtful nge (pro- 

,AlM‘igoI(?(Denbigbs2^irt‘); Darrow-in-hunu-'.s«,DnisH- 

(slacial) 

ington (DerbyHhiro); I’lii’Kloy Hay (Dorbyshirf); 
Kiixloii (Stalts), otc. 

Pliofcaio 

St. AgnoK, St. Krtb, ('oriiwall. 

Kwono 

Bagsiioi ImxIk of Soulbamptoii aiul ThamA bixiN of 
Kent. 

Crotat'oous 

rpper (iixM'nsanil at Makion, Dovon. 

Lower (srfM’nsatul at Loightoii Hu%/.anian(l()xfortl. 

JuniKKit! 

KcllawayH VmxU at South (’avo, York.s; Up)Mir 
Kstuarino IhxIk at HuttuuK Ambu. Yorkshire*. 

Tria-s ... 

Kouikt WatfrKtoni'K at Sjiital, <'hi‘.'*hiro; Buntor 
San<)K at Arinthorpo, Bawtry. Burghwallis, Don- 
oastor; Hock. Hcnsall. Snuith and Whitley 
Bridge in V'orkKhiro ; HcmpHhill. Isf'idon, MariH- 
ticld, Nottingham; Sutton .function and Workaop 
in NottinghaiuHliin*: OrniKkirk in Lancn ; Bun- 


j i-orn ill (.'lii'Khiro ; hiriiiin^luun in WarwickHhin*; 
I \\'i)lvt>rhani|>t<)n in St a 11 k ; ('oinptnn. KiildiT- 
i ininrtfi'r, Slonrliriil^o, Stourport, niul Worn* 
honrno in WoifostoiKhiio; iind IVIfiiHt in 
I iri'Iand. 

I'ormian -I yellow Hands at CaHth^ford ami INniU’fnud, 

I Voi'kH. 

CarboniforoiiH . . ' VVolsin^huin in Durham ; Ifaydon Hi uIko in North- 

umborland; Ancheiihrath, Dniiiu’iivil, (laniKad, 
(ilarnkirk, and (llonhuiK in LAnarkHliire; Kil¬ 
winning and .Monkn'thlon in AyrMhin'; Honiiy- 
hridne in Stirlin|{ ; and (.‘ookstown, Co. 'l yroiic. 


Tho proportion of mica is usually higher in muds than in sandy 
rocks, since flakes of mica remain longer in susis'iision than tho 
more compact grains of quartz, and are therefore carried farther 
from the shore. Felspar is also fairly common, and minute crystals 
of zircon and other rarer ruinerals also occur. 

Muds may also be regarded as extremely line sands contaminated 
with clay. 

Oil Sands are those containing pcjtroleum or’ other volatile 
hydrocarbon oils which can bo recovered by distillation. Extensive 
deposits occur along the banks of the River Athabasca around 
Port McMurray in Alberta, Canada, and elsewhere. These deposits 
are analogous to the much better-known oil-shales in which the 
oil-forming matter is similarly associated with indurated clay. 

Oilstone Sand —made by crushing “ oilstone ’’--is used for 
grinding the brass fittings of mathematical and optical instruments. 
Tire oilstone from which it is made is a fine-grained hone-stone 
obtained from the interior of Asia Minor, containing 70-75 per <»nt 
of silica, ^-25 per cent of calcium carbonate, and a little mununa. 





132 


OLIGOCBNE SAUBS 


A similar material is found in Charley Forest; at Whittle' Hill; 
Chamwood Forest, Leicestershire; near Llyn Idwal in North 
Wales; and near Tavistock, Devonshire. Several varieties of 
oilstone are also obtained in the United States. 

Oldhaven mid Blackheath Sands are merely of geological import¬ 
ance. They have no commercial value (p. 70). 

OUgocene Sands include various de^sits of partially marine 
and partially lacustrine origSi, including the sands of the Hamstead, 
Osborne, Bembridgc, and Headon Hill beds of Hampshire and 
the Isle of Wight (p. 72). These sands are usually somewhat 
calcareous and of little commercial value, but in some localities 
they arc fairly pure. 

The Headon Hill sands of the Isle of Wight are nearly pure 
white, and contain ferruginous particles together with associated 
beds of lignite. According to Boswell, these sands contain about 
97 per cent of silica, 1'9 per cent of alumina, and about 0-11 per 
cent of iron oxide, the impurities consisting chiefly of rutile, 
tourmaline, and staurolite, and other characteristic detrital minerals 
of the Bagshot formation. The sands are fairly uniform in texture, 
about 84 per cent being between 01 and 0-2!) mm. diameter and 
nearly 4 per cent over ()'25 mm. diameter. There is idso a notable 
proportion of “ clay,” usually amounting to about 2'5 per cent. 
The sand has been used for glass-making, but it is not at present 
worked. 

Oolite Sands, see Kdlaways Sands (p. 122) and Eatwrine 
Sands (p. 102). 

Parting Sand is sand used in metal-casting to separate different 
ports of a mould ; thus, it is sprinkled on to the joints of the 
mould to prevent the sections from adhering to each other. The 
sand used for this purpose is generally of an inferior quality, the 
only essential feature being the absence of bond (see also Vol. II. 
Chapter VI.). 

Phosphate Sands consist chiefly of tri-calcium phosphate, and 
have been produced by the action of phosphoric acid of organic 
origin upon calcium carbonate. They are cmefly used as artificial 
manures. They occur in Belgium, in France on tho river Somme, 
in the United States, and elsewhere. In some coses, they are 
extremely fine in texture, much of the material passing readily 
through a 200-me8h sieve. Tri-calcium phosphate is only slightly 
soluble in water, and must be converted into a more soluble form, 
:a>oh as superphosphate, before it can be used as a manure. 

Pit Sand IS a general name given to sands which are dug or 
quarried, as distinct from those which are dredged or obtained 
by other means. The term has little or nothing to do with the 
origin or mode of formation of the sand, and is only useful as 
diowing how the sand has been obtained. It has one advantage, 
however, in that a sand which is dredged from a river, lake, or sea 
>11 almost certain to consist chiefly of round-grained proles, 

4 ^whereas a pit sand may (though not necessarily) consist of sharp 
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grains. In «otno cases the term pit sand is used to indicate a 
sharp-grained sand, though all pit sands arc not “ sharp.” 

Placers are alluvial deposits of sand and CTavel containing a 
large proportion of heavy detrital minerals, such as gold, platinum, 
tin ore, emeralds, rubies, sapphires, diamonds, etc. These alluvial 
deposit may be quite recent or very old ; they may occur in the 
bank or bed of a stream* or lake as an ancient or existing beach, 
or they may form terraces varying in afe from Pleistocene to Recent 
times. They may occur on or near the surface, or as deep kads, 
i.e. covered by recent beds of gravel, lava, or other volcanic rocks. 
In some places they occur as consolidated gravels or conglomerates, 
interbedded with other rocks (sec also under the names of the 
various metals and under Gem SandJi and Oramh, p. 112). 

Plastering Sand is mixed with lime to form a line mortar or 
plaster used for tinishing interior walls or ceilings. The chemical 
composition is not of such great imiKirtance as the sharpness of 
the grains, though a white or silver sand is preferable to a darker- 
coloured one (sec also Vol. II. Chapter IV'.). 

Platinum Placers arc sand and gravel deposits containing 
platinum in association with iridium, rhodium, palladium, ruthenium, 
and osmium, as well as heavy minerals such as chromite, magnetite, 
ilmenite, and gold. The crude platinum occurs os water-worn 
fragments, nuggets being comparatively rar<^; it occurs in many 
river and alluvial sands deprived from igneous rocks, but usually 
in such minute quantities that it cannot l)c recovered at a profit. 

About 90 per cent of the world’s supply of platinum is obtained 
from Russia, on the slopes of the Ural Mountains, around Nischne 
Tagilsk and Mount Solovief, where the metal is derived from 
intrusive peridotites which have Iieen disintegrated and the heavy 
minerals concentrated. In California, British Columbia; Brazil, 
Columbia, and Borneo, platinum is found in association with gold 

S iacers. Other deposits containing platinum occur at h'ifield in 
lew South Wales, in California and Oregon, in the United States, 
and in Alaska. Recently the sands of some of the rivers of Tasmania 
have been worked for platinum and iridium. 

The Russian deposits contain alsmt 30-35 grms. per ton of a 
metal containing up to 70 per cent of pure platinum, 4 per cent 
of iridium, 2'3 per cent of osmium, 3-5 per cent of ruthenium, 
and 1-4 per cent of palladium, with less than 0-5 per cent of gold. 

Platinum is recovered from alluvial deposits by hand-sluicing 
or dredging. The methods used are often very crude, so that only 
about one-third of the total metal present is obtained. 

Pleistocene Sands, sec Glacial Sands (p. 115). 

Pliocene Sands.—^The occurrence and distribution of Pliocene 
sands have been described on p. 73. They ore usually of a yellowish 
or reddish colour, the red sands at St. Erth in Cornwall containing, 
according to Boswell, about 86 per cent of silica, 6-29 per cent 
of alumina, and 2-74 per cent of iron oxides. The Belgian yellow 
suid has a similar composition. The iron oxide forms a thin 
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film over the surface of the grains of quartz. The sands of Cotnwall 
are a little more fusible than those of Bdgium on account of the 
larger proportion of alkalies present. Heavy minerals, according 
to Boswell, are abundant, and consist cUefiy of tourmaline, 
staurolite, andalusito, kyanite, rutile, topaz, zircon, ilmenite, 
magnetite, and limonito. Mica is also present. The texture of 
those sands has been studied by Bos>#ell, who found that the 
Cornish sands consist chiefly of grains between Od and 0-5 mm. 
diameter, though a considerable proportion of clay is sometimes 
present. The coarsest sands contain over 86 per cent of grains 
larger than 0-25 mm., whilst the finer sands may contain less 
than 40 juir cent above this size. The Belgian sands are usually 
equivalent to coarse (Cornwall sands. 

The proportion of clay is low in the Belgian and coarse Cornish 
sands, but Boswell has found that some of the fine Cornish sands 
contain nearly 14 per cent of clay. 

Pliocene sands are chiefly used for easting metals. 

Pocket Sands arc deposits produced by the disintegration of 
the Moimtain Limestone rocks of Derbyshire, North Staffordshire, 
and more rarely in North Wales and Ireland. They form pockets 
or “swallow holes” in the limestone, often of a deep cup-shape. 
The pockets vary considerably in size, some being merely small 
pipes, whilst others have an area of between 100 and 2(X) square 
yards, the form of the deposits being largely determined by the 
jointing of the limestone. Many of the deposits are of great depth ; 
near Friden the sands have been found to persist at a depth of 
over 200 ft. without showing any signs of this being the bottom 
of the deposit. The occurrence and distribution of pocket sands 
has already been fully described on p. 42. 

The sands vary from white to brown or red through various 
shades of grey, cream, and yellow. The pure white sands are 
quite low in iron. They consist chiefly of rounded grains, and are, 
therefore, of aqueous origin, though some angular grains also occur. 
Some of the sand has probably been carried to its present position ' 
by streams of water acting on the shales, sandstone, and grits 
on the higher ground, but the bulk of the deposits is most probably 
a residue left when the calcareous portion of the Carboniferous 
Limestono rocks was removed by solution. The residue collected 
into pockets and became mixed with debris from the overlying 
Millstone Grit. 

According to Boswell, the heavy detrital impurities present 
in the sands consist chiefly of anatase, apatite, cassiterite, epidote, 
rutile, spinel, staurolite, and zircon. Limonite occurs in the deposits 
at AWgelo, and leucoxene and brookite are found at Oakmoor. 
The purest of these sands usually contain very little fehi»r and 
mica, but those of inferior quality are richer in these minerals, 
some being quite micaceous. A certain amount of clay also occurs 
associated with the sand. The purest deposits found by Boswell 
are at Abergele in Wales, where over 99 per cent of silica is present, 
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with only 0’54 per cent of alumina and 0-04 per cent of iron oxide. 
Some of the Parsley Hay sand contains only 0-05 per cent of iron 
oxide, but it is accompanied by over 18 per cent of alumina. The 
Brassington sands contain nearly 7 per cent of alumina and about 
0-18 j)er licnt of iron oxide. The high pjcentago of alumina 
in the Derbyshire deposits is due to the presence of a larger pro¬ 
portion of clay associatedswith the sand, some part of the deposits 
containing sufficient clay to render the^atcrial plastic when wet. 

The texture of pocket sands is very variable on account of the 
mwle of formation, though in some jrnrts it is fairly uniform, as 
at Abergele, where Boswell found about 78 jier cent of the grains 
are between 0-25 and 0-5 mm. diameter, and 8-9 jjer (^ent of grains 
are betwetm 0-5 and 0-1 mm. diameter. He fo\ind no material 
of the “ clay ” graile present, and nearly 98 |X‘r cent of tho material 
m.ay be classed as true sand. At Rhes-y-cim, in Flintshire, about 
85 ]Kir cent of true sand is present. 

The Derbyshire deposiits are loss uniform in texture, the best 
being at Brassington and Carsington, where, mx'ording to Boswell, 
60-70 per cent of the grains are Ixftween 0-25 and 0-5 mm. diameter, 
with about 2 per cent over 0-5 mm. diameter and under 15 per 
cent between the sizes of 0-1 and 0 25 mm. In other parts of 
Derbyshire, larger proportions of the finer grains occur, the sands 
at High Peak containing only about 21 |a-r cent of grains over 
0-25 mm. diameter. The proportion of " clay ” jmwent is con¬ 
siderably higher in Derbyshire than in Wales. Tho sands at 
Newhaven, Ijongcliffe, and Brassington usually contain less than 
10 per cent of “ clay,” but at Carsington over 18 per cent is present, 
and at High Peak over 26 per cent. The Staffordshire de[K)Bits 
at Ribden are also very rich in mah^rial of tho “ clay ” grade, in 
one bed over .50 per cent being present. These sands contain from 
29-72 per cent of true sand. 

At Park Mine, near Askham-in-Fumess (lames), pockets of 
sand occur in haematite in the Carboniferous Limestone. The 
pockets of haematite are oval in shape, and decrease! rapidly in 
width as the depth increases. They vary in size, some of the 
larger pockets being about 480 ft. deep and 900 ft. in diameter. 
They contain an outer layer of haematite, inside which is a layer 
of ri^dish clay from 6 in. to 6 ft. in thickness, the central part 
of the pocket being filled with loose sand and frt^nents of a pale 
mey friable sandstone of different sizes. Ferruginous, micaceous, 
loamy, and clayey materials also occur in the sandstone. Tho 
amount of sand” present varies in different pockets, the proportion 
increasing near the Red Sandstone area and decreasing towards 
the Silurian beds. 

The purest white pocket sands are generally employed for the 
hearths of open-hearth furnaces, and have also been suggested for 
glass-making. The grey san^ (often termed (JanisUr taruU), 
which contain more clay, are used os ground ganister, and are 
mixed with crushed silica rock, or sometimes with the quartzite 
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pebbles found in the same deposits, and made into silica or semi- 
silica bricks. The yellow sands have been used for steel-casting. 

Pozzuolana is similar to trass, and consists of volcanic lavas 
which have been influenced by superheated steam and carbon 
dioxide in such a way that they have been reduced to a fine state 
of division. Pozzuolana also resembles clay which has been heated > 
to redness, but its composition is very variable. It is amorphous, 
though in some cases cryststls of various igneous rocks occur in it. 

It derives ifs name from the town of Pozzuoli, near Naples, 
where it was first obtained by the Greeks and later by the Romans. 
Pozzuolana also occurs in the Auvergne Mountains, the Mountains 
du Vivarais, and in the Gulf of Lyons in Prance, at Tencriffe in the 
Canary Isles, and in the Azores. 

The analyses in Table XXI. show the composition of some 
types of pozzuolana. 


Tablk XXI. —Anai.ysbs of Pozzbolana 



SlllRn. 

Aluniinft. 

Kerrli- 

Oxlil*. 

Lliue. 

NagiieaU. 

Pflteah 
and Soda. 

Water. 

Kom« (Stanger and 
Bloimt) 

58*58 

22-74 

4-06 

1-37 



NimloH (Sifknger and 
Blount) 

03*18 

19*8 

5-08 

0*35 



Vesuviua (Thon>o) 

44*0 

10*5 29*5 

10-0 

tr. 

10 

2-5 

Vesuvius (Thorpe) 

40 0 

U1-.7 

l.'i-S 

10*0 

3*0 

4-0 

6*0 

Auvergne Mts. (Thorpe) 

47 ■» 

34*2 

8*2 

3-9 

2*6 

3-2 

Azores Tslos (Chateau) 

.'> 4-7 

20 - 6 ' «-3 

2*2 

1-7 

2-2 

U-4 


Pozzuolana, trass, etc., possess the property of forming a 
hydraulic cement when they are mixed with lime and Eire made 
into a paste with water, no heat being required as in the manufacture 
of Portland cement. This is due to the combination of the material 
with the water forming complex substances which harden on drying 
to form a strong mass. Pozzuolanas may be divided into (o) the 
direct products of volcanic action, such as true pozzuolana santorin 
(p. 166), feMca (p. 166), tetin, and trass (p. 166); (5) the decomposi¬ 
tion products of igneous rocks termed (p. 80); (c) artificial 
pozzuolanas. 

Artificial jiozzuolana consists of burned clay, or blast-furnace# 
slag. These materials, when ground, possess properties similar 
to natural pozzuolana, though to a much smaller extent, lightly 
burned clav beii^ much superior to slag in this respect. 

Pozzuolana is largely used in the preparation of cements, 
mortars, and concrete. 

Primary Sands are those which are formed ^ the direct dis¬ 
integration of imeous rocks, such as granite. They may contun 
grains of very mverse sizes, but where atmospheric agencies , have 
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acted'on them the sands are classified to some extent and are 
more uniform w grain size. Most commercial sands are of a 
secondary nature (sec also p. 7). 

Pumice Saiid is not exactly a sand, but may bo conveniently 
classed as such, as in many ways it does resemble other sands 
and is used for many purposes for which they are employed. 
Pumice'consists of a volcanic glass which has been ejech'd in a 
spongy, viscous state from active volcanoes, and was afterwards 
subjected to a sudden cooling, which was too raj)id to allow the 
glass to crystallise. It is very light end spongy, on aeeount of 
its having contained a considerable amount of dissolved gases 
which were suddenly released on the solidification of the viscous 
mass. The vesicles are rounded or elongated, due to the flowing 
of the lava, and the structure is composed of thin partitions or 
threads on which t.he abrasive value of the material depends. 

Pumice occurs in many parts of the world in the vicinity of 
active and extinct volcanoes, but that used in this country is chiefly 
obtained from the Lipari Islands, north of Sicily. An inferior 
grade, alusandrina, is used for smoothing oilcloth. A little is 
imported from Teneriffe. I*urc white pumice dust occurs over 
wide areas in Nclwaska, Kaasas, Oalifornia, Idaho, Utah, South 
Dakota, Wyoming, Oregon, (kilorado, Oklahoma, and Iowa, the 
chief sources Ireing in Harlan and Lincoln counties in Nebraska. 

Table XXII. gives typical analyses of two of the. most important 
varieties of pumico. 


Tadlb XXII. — Anacvses of Piimick' 



SiKcft. 

, l PenleOxid*' 
.kliiinina. Oxiilr. 

t.ilii*. 

Caue di 

Lepari Isles 

73-70 

16-27 2:n 

O-tiS 





Orleans, Nebraska 

6912 

17-04 

()K6 




<)7:i 

«■+» 


I 'till 


ISO 
4 05 


The specific gravity of pumice is less than that of water, on 
account of its porous character, but the specific gravity of the 
powdered material is 2-3-2-4. 

Pumice sand is produced by screening the natural material 
_and so separating the larger pieces, or by grinding the material 
^to powder. 

Pumice is used principally as an abrasive. Lumps of the 
inferior qualities are used for smoothing oilcloth, whilst the sand 
or powder is used in the manufacture of metal polishes and abrasive 
soaps. It has also been employed for polishing stones, glass, and 
ivory, and in a finely powdered state (called pounce) for preparing 
parchment. Insulating bricks and fireproof ware of low stiecifio 

• Thorpe's DicHonary. 





138 QUARTZITES 


gravity have also been made from pumice sand, as well as cements 
and cheap glass-ware. 

The presence of hard felspar crystals is detrimental to the 
value of pumice for polishing, as they cause scratches. 

Quartzites arc rocks consisting of a mosaic of quartz crystals 
without any regular outlines, these grains being united by a cement 
of almost pure silica which has b«m vecrystallised or deposited 
in a colloidal state around the original crystals. In some quartzites 
the outlines of the original grains can be readily distinguished, 
but in others this is very difficult. When the cementation has 
been sufficiently prolonged, the cemented grains fit so closely that 

they interfere and pre¬ 



vent the production of 
crystal faces. Fig. 8 
shows a typical quartz¬ 
ite viewed by means of 
polarised light. Pure 
quartzites arc white, 
but others arc coloured 
owing to the impurities 
present in the cement, 
or in the quartz of 
which they are com¬ 
posed. Iron is the 
principal colouring 
agent, giving the rocks 
a brownish tint. The 
grey colour of (Car¬ 
boniferous quartzites 
is due to the presence 
of finely divided car- 


Pw. 8.-.Quartzite, x 2.'>. (Crossed nieols.) bonaceous matter. 

(Chlorite and other im¬ 


purities may also impart their characteristic colours to the quartzite. 

The principal varieties of quartzite are: (1) Fein quartz, which 
is produced as a result of hydrothermal action, and forms coarse 
interlocking crystals with little or no cement; (2) Conglomeratic 
quartzite, in which quartzite pebbles are cemented together by 
siliceous matcdal; (3) Quartz schist, a metamorphosed silica rook 
which, when examined microscopically between crossed nieols, 
shows bands and waves of colour due to distortion by pressure ^ 
and (4) Amorphous quartzites. 

The principal impiu'ity found in quartzites is iron oxide, the 
« greater proportion being in the ferric state, though in some quartz¬ 
ites chalybite {ferrous carbonate) occurs. Various alumino¬ 
silicates may also be present, chiefly in the form of felspar, mica, 
kaolinite, or clay, hlica. frequently occurs in foliated quartzites 
along the lines of foliation. Both potash and soda-lime felspars 
occur, and lime may also be present in the form of calcite, dolomite, 
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or calcium phosphate, A small quantity of hydrous sodium 
silicate sometimes occurs in a.ssociation with the secondary silica 
cement, introduced probably by an alkaline solution, some of which 
was retained by the silica in the form of silicate of soda. 

Magnesia may occur as dolomite, or as ferro-magnesian silicate 
such as serpentine, this latter bi-ing very infrequent. Titanium 
occurs to a limited extenteas rutile, brookite, or anatasrs the first 
and third occurring in characterLstie Oiccdlc-like crystals, whilst 
brookite occurs in large flakes surrounded by minute secondary 
crystals in the cementing silica. Wheie the proportion of titanium 
is high it is generally present in this form, having probably l>een 
deposited from .solution simultaneously with the cementing silica. 
Zircon occurs in minute (crystals, generally in negligibk" proisirtions. 

It is important to remember that a small jiereentage of alumina 
and certain other elements may represent a much larger pro|H)rtion 
of impurity. Thus, 10 per cent of fels|)ar would show only I ■<} per 
cent of potash and 1-8 per cent of alumina, the remaining (i-6 per 
cent being silica, which is included in the total silica. Hence, 
a material appearing to contain only 3-4 per cent of impurities 
may actually contain 10 ijer cent. 

The principal ({uartzites in this country occur in the Meta- 
morphic, Pre-(Jaudjrian, ('ambrian, Ordovician, and Carbonaceous 
rockis, whilst a very important source of quartzite on the ('ontinent 
(Germany) is known as amorphous (piartzite. 

Meiamorphk (jmrlzila have been used only to a small (extent 
as sources of sand. Tludr texture varies considerably. At 
Kcntallcn they are quite coarse-, the^ grains being u|) to 1-0 mm. 
diameter, whilst on the Isle of -lura and Islay they average about 
0-2 mm. diameter. The proportion of iron is generally very low. 
Felspar and mica occur in varying pro])ortioas, veins of these 
minerals sometimes occurring along tin; joints, as at Glen Orchy. 
As a rule, the proportion of impurities is very low, the eement 
in most cases being completely siliceous. .Many apparently 
excellent deposits of these rocks have not Isicn worked as yet; 
those which have been worked have been used ehii-fly for abrasive 
purposes. The rock from the Kentallen district is used for polishing 
and for soa|)S. The beds at Glen Orchy have, br-en suggested as 
suitable for the manufacture of silica bricks, whilst the disintegrated 
quartzites on the beaches of Jura have been suggestetl for refractory 
purposes and glass manufacture. 

Pre-Cambrian quartzites are used to some extent as sources 
of sand. Their occurrence and distribution have beem described 
on p. 39. 

The Anglesey quartzites arc pale grey in colour and fairly 
fine-grained, the grains varying in size, according to Boswell, 
from 0-05-4 mm. in diameter. The Holyhcatl quartzites art! 
more uniform in texture, the grains averaging 0-2-0-3 mm. diameter. 
Felspar is almost absent, and only a small proportion of mica occurs, 
generally in the form of sericite. Iron oxide sometimes occurs in 
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the joints of the rock, causing stains. According to Boswell, the 
rock has the following composition ; 


Silica . 

. 99’32 per cent 

Alumina 

. 019 

Titanium oxido . 

. 003 

Ferric oxide 

. . . 0 02 „ 

Lime . 

. .» 012 

Magnenia %. 

PotOKh . 

. . . 008 „ 

Soda 

T.«of»3 on ignition . 

! ! ! (iii 


99-97 


The rock is generally very hard, but at Holyhead the quartzite 
is shcored in places and is termed “ soft rock ”; it is readily ground 
up and used for ganister. The hard, massive quartzite is used for 
the manufacture of silica bricks. Silver or silica sand is also 
prepared for use in steel-casting, whilst the fine dust from the 
crushers is collected and sold as “ silica flour,” for painting steel 
ingot moulds and castings, and also for polishing-powders and 
scouring-soap. 

The vein quartz at Slievc More, Achill Island, contains about 
99 per cent of silica and 0-04 jHjr cent of iron oxide. Boswell 
found that the principal impurities, which amount to about Od per 
cent, are metallic iron, green mica, and haematite. The cnishcd 
rock varies considerably in texture, some samples containing over 
85 per cent of grains between 0-25 and 0-5 mm. diameter, whilst 
others contain over 50 per cent of grains larger than 0-5 mm. 
diameter and 40 per cent or more btitween 0-25 and 0-5 mm. 
diameter. Some portions are extremely fine, and contain from 
43-99 p('r cent of material finer than O-Ol mm. diameter, so that 
they belong to the “ clay ” grade. The total amount of true 
sand present in the best qualities is about 98 per cent, whilst in 
other parts of the deposit the proportion of true sand may vary 
from practieally nil to 63 per cent. The sand is chiefly used in 
the manufacture of soaps. 

The “ sand ” at Muekish Mountain, Co. Donegal (Ireland), 
is derived from the disintegration of a Pre-Cambrian‘quartzite 
of the Dalradian formation. The rock is found in all stages of 
decomposition. In some parts it consists of a crumbly san^tone 
which is easily crushed between the fingers; a large quantity 
of sand is also present, though the main portion of the deposit 
consists of soft rock containing, according to Boswell, about 
99-5 per cent of silica and about 0'02 per cent of iron oxide. In 
some parts of the bed the amount of iron oxide is very small 
(0'009 per cent), whilst in others it rises to nearly 0-03 per cent. 
There are very few impurities present, zircon being practically 
tlie only heavy mineral impurity. 

The texture varies considerably in different parts of the bed. 
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but Boswell found an average of about 70-74 per cent of grains 
b6tween 0-25 and 0-5 mm. diameter, and up to 22 per cent either 
over 0-6 mm. diameter or less than 0-25 mm. diameU'r. I'p to 
2-5 per cent of grains over 1 mm. diamett'r may occur. The 
proportion of “ clay ” present is generally very small, and seldom 
exceeds 1-5 per cent. The proportion of true samI varies from 
95-99 per cent. This mitterial has been suggested as suitable 
for glass-making, much of the deposit %eing suitable for the best 
optical glass. 

Cambrian quartzites are largely used as sources of sand in South 
Staffordshire and Warwickshire. Their occurrence and distribu¬ 
tion have been descritied on p. 4(1. The two principal ('ambrian 
quartzites are the lackey (piartzite and the Hartshill quartziU'. 

The Licketj quartzite, consists of a very |)alc grey rock, stained 
in places by iron. * The wnicnt is siliceous, and clay, felspar, and 
mica occur in the rock, the sericitie form of mica being fairly 
common. tJome cherty matter is also present. The material is 
used chiefly as road-stone and for the manufacture of silica bricks. 
Some is also crushed and used as ground ganister. It has also l)een 
suggested as suitable for the hearths of the o|Km-hcarth furnact^s. 

The Hartshill quartzite consists of a hard grey rock with a pinkish 
tinge, consisting, according to H. S. Bell, of !4'4.') (K-r cent of silica, 
2-55 j)er cent of alumina, 0-77 per cent of alkalies, and (b8(i js'r cent 
of iron oxide. In some part* of the Iwds the proportion of felspar 
is rather high. The cement is chiefly siliewms, but some clay 
also occurs. The grains are somewhat irregular in size, but average 
about 0-3 mm. diameter. The rock has only Issm used as a road- 
stone, but some parts may be suitable for the manufacture of 
silica bricks. 

Ordovician quartzites arc chiefly found in Shropshire, under 
the name of Stiperstone quartzites. Their occurrence and distribu¬ 
tion have been described on p. 40. They are of a greyish colour 
with sometimes a greenish tinge, and associated with l•arbonaceou8 
streaks which penetrate the rock irregularly. This quartzite 
contains, according to Boswell, about 96 per wnt of silica, 2-24 pr 
cent of alumina, and O-OO jxt cent of iron oxide. It is of rather 
irregular texture, the size of the grains varying from about 0-2 mm. 
at Nill’s Hill to 0-3 or 0-4 mm. at Granham’s Moor. It is cemented 
chiefly by a siliceous ccunent, though in places ft is somewhat 
argillaceous. The proportion of felspar and mica varies, but is 
lowest at Granham’s Moor. The grains are fairly angular in most 
parts, though some are sub-angular. The rock is chiefly used in 
the manufacture of refractory bricks, and for road-stone. Silica 
flour is also produced by grinding it to a fine |)uwder. It has 
also been suggested by Boswell that the Stiperstone quartzites 
might be useful for the manufacture of glass. 

Carboniferous quartzites .—^True quartzites generally occur in 
the Ordovician and older formations, but some of the beds of the 
Millstone Grit in Wales approach very closely to true quartzites. 
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They occur chiefly in the Basal Grit of the Millstone Grit Series 
of South Wales, though some parts of the Cefn-y-fcdw sandstone 
of North Wales (p. 4B) might also be classed as a quartzite. 

The Milistone Grit rocks of South Wales consist very largely 
of quartzites, much of the rock having been hard(med by the 
intense silicification. In some places, however, the quartz cement 
is altscnt, and thts material forms either a soft, loose sandstone 
or an incohenmt sand or gftivcl. The test qualities of rock consist 
of a tine-grained, blui.sh-whit(! quartzite containing practically no 
fcispathic matter. 

At Hirwaun the rock is ])alo grey in colour, and consists of 
grains about 0-2 mm. diameter, associated with grains of chert, 
quartzite, etc., and a little plagiociase felspar. The loose rock 
and sand arc of a similar nature. 

At Penwylit, Neath, the rock consists of jrarficles up to 0-4 mm. 
diamcti^r, and there is also a rock known locally as “ spar,” which 
contaias pebbles up to -(-in. in diameter. 

At Bynca, Llanelly, the rock is extremely fine-grained, the 
particles being chiefly between 0 03 and O-Oo mm. diameter; whilst 
at Mynydd-y-Garcg a moderate proportion of micaceous matter 
occurs in the interstices between the grains of quartz. In other 
parts of the Kidwelly district the rock is somewhat coarser, contain¬ 
ing particles up to 0-3 mm. diameter and some felspathi(! matter. 

T'he Brynamman teds consist chiefly of white or pale grey 
sand, comi)oscd of grains between 0-1 and 0-1.5 mm. diameter. 
Some of the teds are compostsd of a pale grey or pinkish sandstone, 
cemented by siliceous matter and clay, and containing some 
felspar, whilst an adjacicnt very tine-grained bed consists of particles 
about 0 05 mm. diameter. 

The UpjHir Owmtwreh rock is very pure, being very pale grey, 
and containing no felspar or mica and only a little interstitial 
impurity. The softer beds arc somewhat coarse, and consist chiefly 
of grains 0-4 to 0-5 mm. diameter and eontaining some clay. 

A very line ted locally termed “ blue stone ” is somewhat 
nucaceous. The silica rock at Llandybie is very similar to the 
Cwmtwrch rock, only a very small proportion of felspar and mica 
being present. 

In Glamorganshire, the Basal Grit is very similar to the corre¬ 
sponding beds of Carmarthenshire. The famous Dinas rock of 
the Vale of Neath* is a very pure quartzite containing only about 
0-5 per cent each of lime and iron oxide, and about 2 per cent of 
alumina. It is yellow or grey with a pale bluish tinge, is semi¬ 
transparent at the edges when carefully observed, and possesses 
many of the characteristics of crystalline silica (quartz). It con¬ 
sists chiefly of grains about 0-2 mm. diameter, and is associated 
with chert, clay, and some mica, derived from the decomposition 
of felspar. The Dinas material occurs both as rock and as ^nd 
with thin veins of clay, each form being of equal value for silica 
bricks and apparently consisting of the same material. 
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In •Pembrokeshire the quartzite is moderately fine-grained, and 
of a greyish colour spotted with iron compounds. Heavy detrital 
minerals are especially abundant. 

The South Wales tpiartziU-s are used largely for the manu¬ 
facture of silica bricks, ganister mixtures, steel-moulders’ com¬ 
position, paint, etc. The sand is ust>d for the same ptir[H)se.s, for 
lining ojien-hearth furnace*, and for silica cement. 

Amorphous quarlzilu are sometime.'ftised in (icTinany as sources 
of sand for the manufacture of silica bricks. They <lo not occur 
in this country, hut in tiermany they arc represented by Findlitiqs 
(/uarltites or Erratic Hhck quariziles, which consist of fresh-water 
deposits of Tertiary origin belonging to the jx-riixl during W'hich 
lignite was formed. Under the mi<Tosco|K> the grains of quartz 
arc seen to 1 m' very small, with rounded edges, and are distribuUal 
uniformly througli an aiiiorphous moss of what Wernicke terms 
“ basal cement.” Hence the tewm “ amorphous quartzites.” Their 
origin is quite different from that of other quartzite's, as they apjs-ar 
to have Ix'en formed of minuter grains of sand cemented togi’ther 
by a siliceous jelly which griulually hardened and formed a silimnis 
cement. The chief acce.s.sory minerals in these! ijuartzites aree 
zircon and tourmaline. Kutile and muscoviU', which are found 
in almost all other quartzites, arc not found in these erratic (piartzites. 
They have some re.seinblancc to ganister, but the grains of silica 
in the latter arc larger. When crushed, the roc^k breaks into very 
minute cry.stals, so that the ex|)cnse of fine grinding is rendered 
unnecessary. They also have the advantage that, when heaUsi, 
they attain their maximum expansion afk!r very few hours, and in 
this way are in marked contrast to other (piartzites. On repraited 
heatings they do not expand ai)prceinbly, hence their great value 
as a refractory material. 

They are chieflv used for the manufactun! of silica bricks for 
chictric and oth<!r metallurgical furnaces, where the n^epurements 
are very stringent. 

Although the name Findlings (juartzite implies that tliis material 
is found in small isolated masses, it also occurs in massive form ; 
the latter is the one most largely used for silica bricks. 

Quicksand is a sand consisting of highly rounded grains produced 
by the long-continued action of water. It is readily distinguished 
by its very small rounded grains, if piled it continually runs 
down, thus making a very flat pile. Owing to the roundness of 
the particles it cannot be cut when in a pile as can angular sand. 
This type of sand is useful for hour-gla-sses and other ajiparatus 
where a highly rounded sand is required, but it is useless for building 
and similar purposes. . 

Recent Sands are those which have been produced witmn 
comparatively recent times, and include fluviatile, estuarine, and 
deltaic deposits generally, as well as deposits produced by aeolian, 
volcanic, and organic and chemical actions (see abo p. 70). 

Red Sands usually owe their colour to the presence of haematite, 
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which gives various tints from a deep blood-red tO' a pale flesh 
colour. The brown colour due to limonite is usually associated 
to some extent with the red colour of the haematite, thus giving 
a modified red tending towards brown. The red colour of Triassic, 
Permian, Devonian, and other rocks, and the purple colour of some 
sandstones, arc due to the presence of ferric oxide, and the dull 
brown or yellow colour to ferric hydroxide. 

The blotching and varfegation of colour in sand-beds is due 
partly to irregular distribution of the iron compounds, and partly 
to the differences in their hydration and reduction by organic matter, 
and the removal of iron from some parts of the be^ by carbonated 
water. 

Many sands are pale in colour in the natural state, yet become 
rod when calcined (see Red-burning Sands, below). 

Red'burntng Sands are so named from their colour after they 
have been heated to a fairly high temperature ; this colour is duo 
to the presence of iron compounds, which, on heating, are decomposed 
and oxidised, forming red ferric oxide, which gives the characteristic 
colour to the material. The colour is not entirely dependent on 
the proportion of iron present, but on the presence of lime (which 
reduces the colour by forming a white compound), the size of the 
grains of the iron-bearing minerai, and the extent to which it i# 
disseminated through the sand. Thus, if the iron occurs in 
relativciy large particles more or less concentrated in some parts 
of the sand, it may not colour the sand to a very great extent; 
but if it coasists of very fine grains, evenly disseminated through 
the material, the colour may be much more pronounced, even 
though a smaller total proportion of iron is present. 

llcd-burning sands are generally less refractory than paler 
,ones, and consequently can only be used where resistance to heat 
is not so important. They are of no use where the colour of the 
sand is especially important, or where it might spoil the product, 
as in glass manufacture, and are consequently used for inferior 
purposes. The very red sands are only suitable for building 
purposes, concrete-making, etc., but the better qualities may be 
employed for facing bricks and tiles, dark glass-ware, foundry 
casting, steel-easting, etc. (see also Red Sands, p. 143). 

Retraotory Sands is a general term, including all sands which 
can be used in furnace or other situations where a high temperature 
is attained. There is no generally recognised standard of heat 
resistance in this country, but, by many users, materials are not 
considered refractory unless they will withstand heating steadily 
to a temperature of 16%° G. (Cone 26) in an oxidising atmosphere, 
without showing any si™ of fusion. This test is only of limited 
value, because in actum practice other influences must be taken 
into consideration, such os the action of the furnace-gases, the 
influence of slags and of sudden changes in temperature; a sand 
is therefore not usually considered to be refractory unless it will 
withstand the conditions obtaining in commercial furnaces. As 
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these ure seldom defined in detail, only actual trial will show 
whether.a sand is sufficiently refractory for use in any particular . 
case. 

In the broad sense, the wonl “ refractory ” is used to denote 
(i.) resistance to any tem])eraturc to which a material is likely 
to be exposed ; (ii.) resistance to any pressure likely to be put on 
it by adjacent masonry, er by the conttmts of the furnace ; (iii.) 
resistance to the cutting and abrasiv# action of flame, flue-dust, 
and any other materials with which it may come in contact, 
including accidental blows from a jHiker or <'linkering iron; (iv.) 
resistancT to such sudden changes in teinixirature as are unavoid¬ 
able in ordinary furnace practice ; and (v.) uniform expansion or 
contraction within reasonable limits. 

Few refractory sands fulfil all the.se requirements under very 
severe conditions,'and the user must, therefore, decide to what 
extent he will forego some of the (to him) less important require¬ 
ments. Ty> a very large extent this method of “ compromise " 
depends on local circumstantes for success, ami without full details 
no satisfactory guidance can be given. It must also be remembered 
that the skilful u.se of the materials and the construction of the 
furnace also play an important j>art in the busting qualities of 
4the sand. 

The chemical composition of the refractory sand must be 
adapted to the reactions which occur when it is usrsl. Most natural, 
refractory sands are siliceous, and so can only Ix! usial where the 
reactions occurring in the furnace, or location where they are used, 
do not have any ailverse effect on the material. Some other natural 
sands, such lus zircon sands, etc., may htt used in s|X!eiul coses. 
Various artificial sands, sm^h as carbonindum lire-.sand (p. 88), 
may also be employed as refractory sands. Mixtures of sands may 
sometimes be employed in preference to single ones. 

In selecting a refractory sand for any particular purpose, it 
must always be remem ls;red that the substances with which the 
material comes into contact when heated will |)lay an important 
part in the resistance it offers t<j heat. Thus, a siliceous (Mid) 
sand will bo destroyed rapidly if heated in contact with a base, 
such as lime. The two will react with each other to form a fresh 
compound which is much less heat-resisting than either the acid 
or tne base taken separately. Sianilarly, a basic* sand, such M 
zircon sand, will be attacked if brought into contact with an acid 
material at a high temperature, a fusible compound being formed 
which will rapidly destroy the furnace and the sand. 

Hence, refractory sands may be divided into three classes : 

(a) Acid sands, including all sands rich in silica and siliceou 
materials. 

(b) Neutral sands, including_ carborundum flre-sand. 

(c) Basic sands, such as zirebnia sand, powdered magnesia, etc. 

Acid sands, in order to be refractory, must consist almost wholl; 

of pure silica. The presence of small quantities of other minendt 
VOL, I 
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such as felspar, mica, etc., which introduce small percenta^s of 
lime, magnesia, potash, soda, or iron into the mixture, seriously 
reduce the refractoriness, and so render the sand useless for high- 
temperaturo work. The proportion of heavy detrital minerals 
may be quite small, yet may .seriously impair the value of the 
sand unless it is specially treated in order to remove these 
undesirable constituents, liamollar spangles of mica are more 
deleterious to the refractosness of sand than are irregular grains 
of felspar. Similarly, the pre.senco of siliceous mattTials in a 
basic refractory sand is delcUsrious, Further particulars on the 
use and requirements of refractory sands will be found in V'ol. If. 
Chapter Vlf. 

Residual Sands arc variously defined as : (a) those which have 
been left behind at the place where they were originally formed 
by the decomposition or <lisintegration of some rock ; (6) those 
which have been left when a mixture of materials has been subjccti'd 
to some denuding action, wluu'eby part ,of the dejiosit has been 
removed and (larriwl away, whilst the rest has remained l)ehind ; 
, and sometiim^s as (c) those which have been colk^ctcd by glacial 


agency. 

Residual sands in group {a) inebuie all primary sands (p. 136), 
as these have been formed in this manner. In group (b) arcr 
included deposits which have been left behind by the disintegration 
of sedimentary rocks, such as the pocket sands of Derbyshire, 
Staffordshire, and Wales (p. 134). Residual sands of the (6) tyjie 
may sometimes consist of a concentrated mass of some material 
which was too heavy, or in some other way too difficult, to bo carried 
away by the particular denuding action which was acting on the 
material. Section (c) sands are residual in the sense that they 
have been left behind when the ice which collected and transported 
'*them was melted. 

On account of their mode of formation, residual sands may 
be either very pure or very impure. They are generally very 
variable in composition, as there has been little or no classifying 
action, so that they consist of an irregular conglomeration of coarse 
and fine particles of all the materials of which the original rock 
was composed, except those constituents which may be soluble 
and have previously been removed. The purest residual sands 
are those in section (6), in which, in a certain sense, most sands 
may be included. 

Rottenstone is a soft, porous, friable rock resulting from the 
decomposition of impure siliceous limestones. By the percolation 
of water, containing carbon-dioxide in solution, through the rock, 
most or all of the lime is removed, leaving a siliceous skeleton and 
any other impurities which may not be soluble. 

The sources of rottenstone have previously been described 


(P- 

The composition of the stone depends on the rock from which 
R was formed. The following analyses, due to Dr. Pollard, show 
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the composition of two varieties of Welsh rotU-nstone, A being 
,of best quality, while B Ls inferior : 


Silica. 


,1. 

. 80-82 

w. 

70'S7 

Titanium oxitlf 


0-2!t 

(>r)r» 

Alumina .... 


.'•>•82 

‘»-78 

Ferric oxidt^ .... 



4 01 

Lime .... 


l-4:i 

ItM) 

Ma^ncHia .... 


0-88 

•:i2 

Carhon-clioxidc 



0-27 

Phosphoric acid 


i-iui 

i:m 

FerrouH sulphate . 




Soda. 


o;i 

0-50 

Potash. 


1 ,10 

2 4:i 

Water and orj^anic matter . 


4 ■oil 

OHO 


The preeisi* eoinposition is, however, of less iiiiporianee tlmn the 
angularity and niinutreness of the grains and the freedom from hard 
crystals of fels[)ar, etc. At the same time, it should 1 m‘ iiobsl that 
some of the best qualities of lotbuistone in Wales eontain minute 
grains of erystalline siliea. 

Kottenstonc is chiefly used as an alirasive, the roek Is'ing 
washed and ground. It is used in t he form of powders ami polishes 
for polishing metals, marble, etc. Tri]>oli is sometimes erroneously 
termed rottenstone. 

River Sands an' deserilw'd under Fluviatih Samlx (p. 104). 

Sand Scale is a deposit of eaieiiim earhonab' formed (hiring 
the eva))oration of brim' in the manufaetun' of salt. It is not a 
true sand, and its name is mishviding. 

Sandstones (Kig. $)) consist ehiefly of an a.ggregat(! of (piartz 
grains, cemented by siliceous 
material formed either by sedi¬ 
mentation in rivers, lak('s, or 
seas, or bj’ the aeeumulation of 
win<l-borne detritus, which is lab'r 
consolidated by th(' entrance of 
some cementing medium. Some¬ 
times other than .siliceous material 
is present in the cement and givc's 
the name to the sandstone, e.g. 
ferruginous or calcarc'ous sand¬ 
stones. In other cases the stone 
is named after the predominating 
mineral impurity, as micaceous 
and felspathic sandstones. Sand¬ 
stones are generally somewhat t'lo-!».—.'liero-stmcture of Handatono. 
friable (breaking with uneven 

fracture), porous, and liable to be stained bj' th(' intrusion of 
impurities in solution. 

The principal impurities in sandstones are felspar and mica, 
but otW minerals may be present, such as chlorite, clayey matter, 
oalcite. iron oxides, garnet, tourmaline, zircon, epidote, rutile, 
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anatase, etc. In Kentish rag, Spilsby sandstone,' etc.,'calcit^ 
occurs in large crystalline masses. .f' 

The grey colour of sandstones is due to fragments of shale,' 
etc., or to the presence of ferrous carbonate, finely divided iron 
pyrites, and, in exceptional castis, to iron phosphate. 

Sandstones may be divided into several classes: (i.) Grits; 
(ii.) Sand rocks; (iii.) Freestone; and (iV.) Greywackes. 

Grifs are coarse-grained^andstonos. 

Sami rocks arc loose, friable sandstones. 

FreesionR is a sandstone (though sometimes the term is also 
applied to limestone) which can be cut into blocks in any direction 
without a marked tendency to split in any one plane more than 
' in another. It occurs in beds, but is not divided into laminae, as 
are most sandstones. 

Greyvxirkes are rocks consisting of a compact mass of rounded 
or subangular grains of quartz, felsj)ar, slate, or other minerals 
or rocks, cemented by a siliceous, felspathic, calcareous, or other 
cement. Their colour varies from grey, through brown, to black, 
especially where much carbonaceous matter is present. Some 
greywackes are pale green or j)urple in colour. The te'xture varies 
from a coarse grit to a fine stone. It is sometimes very fine-grained, 
and is almost exactly like; some igneous rocks ; in fact, it is often 
composed mainly of granite debris, quartz-porj)hyry, or other fel- 
spatnic rocks. 

Many Palaeozoic and Lower Mesozoic sandstones are greywackes, 
and appear to have been formed by the accumulation of grains 
of igneous rocks, so much so that it is sometimes difficult to distin- 
^ish them from igneous rocks. 

Qaize. is a sandstone in which the matrix is free silica (soluble 
in a boiling solution of potash) which has been precipitated as 
impalpable white powder of low specific gravity. It is an import¬ 
ant constituent of the Upp<)r Greensand of England and France, 
sometimes up to 40-70 per cent being present, e.g. in the Famham 
and Merstham firestones. 

Sandstones which are suitable sources of sand for various 
purm)se8 occur in most formations above the Devonian or Old 
Red Sandstone Series. 

Carboniferous samlatmea are largely used as sources of sand for 
the iron and steel industries and for the manufacture of refractory 
bricks. They occur irre^larly in each of the great divisions of 
the Carboniferous rocks, their geological distribution being described 
on p. 42. Among the most important of these sandstones are 
the ganisters (p. 104), which are noted for their high resistance 
to heat. 

In the Carboniferous limestone Series in North Yorkshire are 
several commercially useful deposits of sandstones. At Wensley, 
Yorks (p. 44), a bed of white sandstone consisting of grains about 
O'l mm. diameter, cemented by siliceous matter with practically 
no impurities, lies below the pencU-ganister, and is worked for 
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silica bricks. ■ The lower part of what is called the Nattrass Gill 
getnister at Gold Hill, Wearhead, is not a ganist<‘r at all, but a palo 
grey sandstone consisting of grains between 01 and 015 nun. 
diameter, cemented by a siliceous cement containing some material 
derived from decomposed felspar. In places it is somewhat iron- 
stained. 

In Durham, the Brigg Hazel rock of Ijanehead, Weardale, and 
Harperley (p. 44) consists of a fine-grained whitish or greyish 
sandstone with gi'ains up to 0-2 mm. diameter, cementc-d by a small 
amount of siliceous matter with some (piantity of heavy detrital 
minerals. A little chert and felsjair occurs at Har]K>rley, wlulst 
mica occurs in the Lanehead rock. The dark gn?y or blue lower 
beds at HarjxTley are not so valuable, Ixuiig generally rejected in' 
favour of the iMJttcr (piality material. 'Du! llariKwley rock is 
rather inferior as a refractory material to that at Uinehead ; it is 
entirely used for the manufacture of silica bricks. The l.unedalo 
rock is a haid, fine-grainetl saiuistoiui with grains up to 0-2 mm. 
diameter, and containing soiiU! d(!compos<*(l felsj)ar and chert, as 
well as titanium minerals and ferruginous matter. 

The Aid ti'ag silica rock of Northumberland is a buff-coloured, 
soft micaceous sandstone containing about !)7 jxr cent of silica. 
The purest rocks are novrly white an<l are almost free from im¬ 
purities, but most of the best contain mica and some clay, as well 
as ferruginous matter. I'hey art! generally fairly coarse-grained, 
the particles being gem-rally about O-S-O-i mm. diameter. This 
rock' is not much used as a source of sand, but blocks of it ar<f used 
for furnace work. 

The Carboniferous Limestone “ sand ” worked at Wann, m-ar’- 
Mold (p. 44) in North Wales, consists of a soft, white sandstone. 
It is readily crushed, and is (juite pure, containing, acicording to 
Boswell, about 99 iwr cent of silica and only about 0-024 ixsr cent 
^ iron oxide, so that it has practic^ally no iron stains. It is vei^ 
uniform in texture, the main portion of the maO^rial Ix-ing of 
grains between 0-25 and 0-5 ram. diameter. There is also about 
12 per cent of grains less than 0-25 mm. diameter and up tti 10 ptir 
cent of grains over 0-5 mm. diaitujter. Mtic.h of the finest material 
can readily be removed by washing. 'I’herc is very little heavy 
detrital material present in the material, that which does occur 
Consisting chiefly of ilmenite partly converted into hmcoxene, 
anatase, tourmaline, zircon, and rutile. Some decomposed felspar 
also occurs. This “ sand ” is principally used for tW manufac¬ 
ture of soap, and has been suggested os suitable for glass-making 
and various refractory purposes, such as linings of ojKsn-hearth 
furnaces. 

The sand at Minera (p. 47), which belongs to the same forma¬ 
tion, is rather coarser and less uniform in texture. In a sample 
examined by Boswell about 17-18 per cent of grains were over 
1 mm. diameter, and a total of nearly 60 per cent exceede<l 0-.5 mm., 
as distinct from less than 10 per cent in the case of the Mold 
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deposits. The colour of the sands in this district is whitish, turning 
grey on heating. 

The sandstones occurring in the Carboniferous Limestone rocks 
of Scotland are generally white or pale grey in colour and fairly 
fine-grained. The proportion of interstitial matter varies con¬ 
siderably, and mica is also present in varying amounts. Ferrugin¬ 
ous and carbonaceous matter is genefally present in moderate 
proportions, and the beds i5ay be locally iron-stained. 

The Scottish Carboniferous Limestone series includes some of 
the “ Rotten rocks ”—so called on account of the decomposition of 
the felspar in them forming mica, silica, and kaolin. The alkalies 
have been partially removed, so that the rocks are fairly refractory. 
They also contain a notable proportion of hydrated iron oxide. 
They are usually fairly coarse ; according to Jiqswcll, the Auchen- 
heath rock (p. 4r)) contains 25-7 j)er cent of grains over 1 mm. 
diameter and 69-1 per cent between 0-1 and I mm. diameter. They 
vary in colour from white to yellowish or pale brown. 

At Caldwell (p. 4.5) sand is derivcnl from a soft sandstone which 
has been partially decompo.sed and is, consequently, easily reduced 
to powder. The material varies from a cream to a reddish-brown 
colour, the percentage of iron oxide being, according to Boswell, 
0-04. The silica Ls rather low, being only about 94 p<u' cent, whilst 
alumina occurs to the extent of about 4 ptT cent. Nearly O-l per 
cent of heavy detrital minerals occur, the chief teing garnet, 
tourmaline, limonite, ilnienite, zircon, rutile, and epidote. Muscov¬ 
ite mica flakes also occur. Boswell found that the texture of this 
material is fairly coarse, about 83 jwr cent of the grains being 
between 0-25 and 0-5 min. diameter and up to 0 per cent over 
0-5 mm. diameter, whilst up to 5 per cent of “ clay ” is present. 
The total amount of true sand in the unwashed material is about 
94 per cent, whilst in the washed product over 99 jier cent is present. 
This sand is chiefly used as a refractory material, though it has 
been worked for glass-making. 

At Kilwinning (p. 45) a soft white sandstone containing nearly 
99 per cent of silica and only 0-02-0-03 jxw cent of iron oxide occurs 
in a bed over 20 ft. in thickness. It is low in alumina, containing 
only about 0'6 per cent. Boswell found very little impurity present, 
the amount o| heavy minerals being only about ()-02 jier cent, 
and consisting chiefly of ilpienito, leucoxene, limonite, muscovite, 
tourmaline, sillimanite, rutile, and zircon. The natural material 
contains rather a large range of sizes of grain, a little over half 
occurring between 0-25 and 0-6 mm. diameter. About 30 per cent 
of the grains are between 0-6 and 1 mm. diameter, and up to 14 
per cent are over LO ram. diameter. After washing, the quality 
is improved considerably. 

At Plean, near Stirling, the texture of the stone is more uniform ; 
in a sample examined by Boswell, about 80 per cent of the material 
consisted of grains between 0-25 and 0-5 mm. diameter. The 
colour of this rock is slightly greyer than that at Kilwinning. The 
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Plcan rock contains rather more “ clay,” up to 4-5 i)er cent being 
present. • 

Similar rocks occur at (Wic, near Stirling, Kingseavil, near 
Linlithgow, Glentsug, and Hailes, near Edinburgh (j). 45). They 
vary in colour from grey to a brownish colour, the projxjrtion of 
iron in most cases being quite low. 

The sand.stones of the f'alciferous Sandstone Seri('s of Scotland 
consist chieHy of fine-grained and gcfferally buff-coloured stone, 
consisting of particles of silica assoeiatcfl' with micaceous and 
felspathic matter, and -some carbonates with ferruginous matter a» 
a cementing medium. Some of the Ayrshire Ix-ds are (piite soft 
and easily broken down to a moderab'ly sharp sand. The.se sand¬ 
stones have not laicn largely used as sources of sand, but some lasds 
hav(! lK!en tried for st»‘<>l-m<«dding. whilst the Ayi-shire beds have 
be»!n .siiggesb'd as suitable for lining o|M'n-heartli furnaces. 

The ('alciferous Sandstone! rocks of Ireland yield several 
valuable sands. Thus, at (-oolkeeragh, near Lmdomh'rry (p. 42), 
sand is obtained from soft whit<' or pink sandstones belonging to 
this .series, and containing about S5 jH-r cent of sili<!a and nearly 
9 ]X!r (;ent of alumina, a considerable aiuoutit of partially decom¬ 
posed felspar and clay being ])re.sent. According to Boswell, about 
O-IS per cent of iron eomjiounds is prc.sent, up to 7 per cent of 
“ clay,” aiul about 0 (»5 per cent of heavy minerals, including 
mu.seovite, chloritcc, tourmaline, garnet, Z'reon, rutile, kuieoxeno, 
anatase, and ilmcuiiti*. The texture is fairly uniform, and consists 
of about 7() i>(w cent of grains between 0-25 and 0-5 mm. diameter, 
together with about 7 per eemt each of grains over ((-S mm. and 
lM!twetm (» l and mm. diameter. This mate-rial is uscal chiefly 
for the manufacture of glass bottles. 

Thc! white sand from ('ookstown, (Vj. Tyrone, derives! from a 
soft wliite sandstone, occurring in the same series, eiontains, accejrd- 
ing to Boswe-ll, about 97 jn-r cent of silica, l-ti per cent of alumina, 
and about 0 ()4 iier cent of iron compounds. In some of the washed 
sainple:8 of the best sand, the proportion of iron is redue;ed to 0-02 
I)er cent. Only about 0 03 |)er eemt of heavy mine-rals are; present, 
these consisting e-hiefly of zircon, rutile, unatase, ilmeiiite, and 
tourmaline. Felspar and clay occur to the e*xtent of about .1-5 jK'r 
cent. The texture of the material is fairly uniform, about 80 per 
cent of the grains being tetween 0’2.5 iinel 0'.5 mm. efiameler, whilst 
up to 10 per cent of the grains may be larger than p-.5 mm., and up 
to 6 per ex!nt smaller than 0'2.5 mm. diamete^r, ajmrt from the 
“ clay ” present. This sand is used for the manufacture of glass 
bottles. 

The MiUstone Gril rocks consist almost entirely of sandstones J 
only parts of the beds are commercially useful as source-s of sand, 
though much of the rock is quite suitable for building-stone. 

Some of the sandstones of Durham which cannot Iks classed 
either as ganister or as bastard ganister, and yet are used for some 
of the same purposes as ganister, consist chiefly of pale grey or 
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buff-coloured rocks, usually somewhat micaceous, having a' fairly 
fine texture, the grains averaging about 0-1 mm. or less in diameter! 
Generally the cement is for the most part siliceous, the impuhties 
present in it usually occurring in larger proportions than in the 
true ganisters. At Knitsley Fell, in the silica rock occurring above 
the pencil ganister the grains of silica are coated with iron oxide, 
and quite a large proportion of impurities are present in the cement. 

At Castle Hill Quarry, llonsett (p. 48), some of the sandstone 
is cemented chiefly by ferruginous matter. The sandstones in this 
district are chiefly iwed for the manufacture of silica bricks, some¬ 
times with the addition of ganister or bastard ganister. 

The Crowstones of Cheshire consist chiefly of white or greyish 
sandstones of much coarser texture than the ganisters. In that 
at Mow Cop, Cheshire, the grains are rather coarse (up to 2 mm. 
diameter), and contain a fairly largo proportion of sericitic matter 
and clay in the interstitial cement. 

At Kidsgrove, near Stoke-on-Trent, the beds are fnuch finer 
in texture, the average grain size being 0-5-0-8 mm., whilst a 
considerable proportion of smaller grains from 0-l-()-2 mm. fill up 
the interstices. Felsite and chert also occur in this rock. The 
crowstones at Congleton and Burslem are still finer-grained, and arc 
somewhat deeply iron-stained in places ; felspar and mica are 
much more common in the (V)ngleton rock than in the othtT parts 
of the beds. 

The crowstones are used chiefly for the production of silica- 
cement and silica-.sand, as well as fine-graitu'd silica-powder. At 
Burslem they are used for the prfKiuc^tion of silica bricks and 
ground ganister. 

The Cefn-y-fedw sandstones apjjear to belong to the Millstone 
Grit rocks ; they consist of more or less silieified sandstones, which 
in places are really quartzites. At Bwlchgwyn the white and 
tough quartzite, stained to a purplLsh colour near the surface and 
somewhat iron-stained at the joints, is worked for making silica 
bricks. It is fairly fine-grained, the particles being up to 0-3 mm. 
diameter, and jissociatcd with a moderate proportion of cherty 
matter. It is very free from impurities, eontaining no felspar or 
mica and only a small proportion of iron com|)ounds. At Llan¬ 
gollen the texture is very fine, the grains being between O-l and 
016 mm. diamfeter. 

At Trevor, near Ruabon, and Ffrith, near Wrexham, the rock 
is coarser in wain, the particles being up to 0-3 mm. diameter, 
whilst at Garth Mine, near Ruabon, grains up to 0-8 mm. diameter 
occur. Felspar, felsite, and chert occur in varying proportions, 
and at Llangollen some carbonates are present in the cement, which 
contains much interstitial matter. Kaolinitic matter occurs at 
Trevor, where the rocks are also rather felspathic. At Garth 
Mine, mica, chlorite, and limonite, as well as kaolinitic matter, 
occur in appreciable proportions. 

The Cefn-y-fcdw sandstone is used chiefly for the mamufacture 
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t silich bricks and ganister mixture ; at Erith Works, near Mold, 
i is used for the production of abrasive soaps; whilst at Hafod, 
1 th? same district, it is used for silica flour, as well as being dressed 
nd used in its natural state for furnace linings. 

The siliceous sandstones of Lanarkshire and Stirlingshire consist 
if whitish and micaceous rocks, generally flne-graiued, and cemented 
»artly by siliceous material and jmrtly by clay. They are used 
hiefly for the manufacture of silica brinks. 

The “ Rotten rocks ” of the Millstone Grit St^ru^s (ji. 4S) are 
•f the same nature as those in the (/'arboniferous Limestoiu^ (p. 150), 
)ut arc somewhat finer in texture. According to Boswell, the 
3arngad sand contains fiO-O js'r cent of grains iKitween 0-1 and 
)'5 mm., whilst the sand from the Inchneuk Quarry, Glenb<jig, 
iontains 86-9 per cent between these limits. 

A pure white sandstone, containing at the top about 97-08 j)or 
jent of silica, which occurs above the ganister at Kalkirk, has 
Deen suggested as suitable for the hearths of ojam-hearth furnaces. 

At Ijcvenseat, Scotland, there is a be<l of soft yellow or brownish 
sandstone about 80 ft. thick, w'hich is readily disintegrated into 
loose sand containing a fairly large! pro]M)rtion of ferruginous 
matter and clay, largely removed by washing, the prodwtt btung 
a sand of creamy colour, which darkens on burning, but contains, 
according to Boswell, over 99 jx^r cent of silica and about 0-03 per 
cent of iron oxide. The projx)rtion of heavy minerals is generally 
leas than 0-1 p(!r cent, and consists chiefly of ilmcnite, leucoxene, 
zircon, rutile, and tourmaline. According to Boswell, the texture 
of this sand is quite uniform, over 88 |x-r cent occurring between 
the sizes 0-25 and 0-5 mm. (liameter, and 0 jxir cent Ix'tween 0-1 
and 0'25. About 1 '6 p-r cent of “ clay ” is present in the natural 
material. In the washed producjt, nearly 95 {xjr cent of the material 
lies between 0-25 and 0-5 mm. diameter. This sand is chiefly 
used for common glass-ware, but it is also suitable for lining open- 
hearth furnaces. 

The Jjower Coal Measures yield many sandstones which are 
valuable as refractory materials. These are usually c.lasst’id as 
bastard ganisters (p. f07), but some are really siliceous sandstones. 

The Guiseley rock at Guiseley, Yorks (p. 49), is a white 
quartzitic sandstone of fine grain, th<- particles being generally 
about 01-016 mm. diameter, cemented by a siliasods (cement, with 
which is associated a considerable proportion of heavy detrital 
minerals, including, according to Boswell, garnet, anatasc, ilmcnite, 
rutile, zircon, limonite, and leucoxene. ffeme parts-of the l)eds are 
almost free from mica, whilst others contain it in moderately large 
flakes. The beds are practically non-felspathic. An analysis by 
Boswell shows 97-6 per eent of silica, with 18 per cent of alumina 
and about 0-09 per cent of iron oxide, together with a little lime; 
and a mechanieal analysis by him shows that the crushed rock 
contains 40 per cent of grains between 0-25 and 0-6 mm. diameter, 
and about 44 per eent is between 0-1 and 0-25 mm. and nearly 
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10 (x^r cent between 0-01 and 0-1 rnm. diameter. More than 6 
per cent of “ clay ” in also present. This rock is used chiefly 
as “ gani-stcr” and for making silica bricks. 

The cream-coloured sand of Ballycastle, Ireland, which contains, 
according to Boswell, nearly 9!) per cent of silica and only about 
0'02 jHtr cent of iron oxide, is derived from a .soft white or creamy- 
coloured sandstoiK' which occurs in a bcU about 00 ft. in thickness 
above! the Main (!oal of th? Ix)Wer Carboniferous strata. Boswell 
has found that this sand is quite uniform in texture, about 83 per 
cent of the grains b<jing tetween 0-25 and 0-5 mm. diameter, 
togetluT with about 12 per cent between 0-1 and 0-25 mm. diameter. 
There is seldom more than 1 per cent of “ clay.” The total propor¬ 
tion of true sand is very high, being botwe<in 98 and 99 jht cent. 

In the Middle. Coal Measures are several sapdstones which are 
worked as sourtsis of sand for refractory and other purposes ; the 
most inqxu’tant arc the following ;— 

The Kelley sawlslone. of the Middle Coal Measures of'Shropshire 
is a very soft pale-coloured stom?, which is readily powdered Isitween 
the fingers. It is fairly tine, and consists chiefly of grains between 
0-2 and 0-3 mm. diameter, the particles being largely coated with 
ferruginous and other impurities. It Is used for the manufacture 
of silica bricks, and is also ground to produce a sand for lining 
re-heating furnaces. 

(lorml stom is a pak;, bulT-(!olourcd powdery I'ock consisting 
of grains between ()-2 and O-o mm. diameter, of (juartz, together 
with chert and decomposed felspar, sericitic and kaolinitic matsirial. 
Iron compounds arc evenly disseminated through the rock, and are 
generally present (uily to a moderate extent. This stone, when 
reduced to powder, is used as cupola sand, ” best white sand ” 
for giis-works, and as a scouring sand. A so-called ganistcr which 
lies below it is used for wall-plastering and as ground ganistcr. 

The sandstone of the Middle Coal Measures at Biddings, near 
Alfreton, is pale grey in colour and fairly fine-grained, containing 
some mica, clay, and calcite. It is used together with ganistcr 
sand for the mamifaeture of silica bricks. 

Triassic sarulstones .—The Rhaetic sandstone at Morriston, 
Glamorganshire, is of a greenish-grey colour, and consists of particles 
from O'15 to 0-2 mm. diameter, associated with chert, felsite, 
microcline, and other felspars. The rock is rather friable ; it is 
used fur making silica bricks, and when ground it is also used for 
furnace linings. 

Hunter sandstones which are of commercial value are usually 
soft and friable, and are dealt with under Banter Sands (p. 85). 

Jurassic sarulstones are sometimes used as sources of sand 
for refractory and other purpo.ses. Thus, the sandstone below 
the Castleton ganistcr in the Estuarine Series, near Sheffield, is of 
a buff or yellowish colour and is fairly soft, consisting of grains 
from 0'05 to 0-1 mm. diameter, set in a partially ferruginous and 
partially siliceous cement, which contains various impurities in 
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addition to iton, including mica and chlorite. It in used eliiefly 
as a casting sand in foundries. The freestone below it is rather 
coarser, consisting of grains from (1-2 to (Ml mm. diameter, and 
containing more felspar and mica, as well as iron eompounds, 
including limonito and carbonaceous matter. It is lirownish in 
colour and speckled with imp\irities. It is n.s(!d in eunjunetion 
with the yellow sandstonehs a foundry moulding sand. 

The sandstone occurring Ik'Iow the ^lard tlanister at Oommon- 
dale consists of soft white or yelltnyish rocks, the top Ix-ds ladiig 
of greatest purity. It is chielly ground to produce^ silica sand, 
which is used for the hearths of oisui-lusirth furnaces and for 
patching purpo.se.s. A silty rock of very line U'.xturc also occurs 
in the same l)eds, and is used for casting iron. 

White, flint is the name given to a sandstone which occurs above 
the Hard Ganish'r at Commondalc, and also at Dccpcar, near 
Sheffield, and at .Meltham, near Huddersfield. It is very hard 
and of a pale grey colour ; the grains an^ generally about O l.'i mm. 
diameter, and .arc <a'iucnti'il chielly by siliceous material, which 
occurs in considerable ))ro|K)rtions. Felspar and mica occur only 
in very small proportions. At Heepc^ar it is rather liner in texture 
than at Commondalc, and is of a buff colour. Kutik^ and zircon 
are specially abundant. 

At Meltham. near Hudder.slleld, the whibi Hint” is similar 
to the Commondalc rock, but is of a pale bulT colour, on account 
of the iron oxide present. This rock is used ehi(dly for tin? manufac¬ 
ture of silica bricks at Deepcar and Hmlderslicld. Thi? rock at 
Commondalc is not at i)re.sent used to any great extimt; its use 
for silica brick-making has been attempksi sueees.sfully', but only on 
a very small scale. 

Santortn Earth is a siliceous, volcanic ash founil on the Creek 
island of Santorin. It is similar to jHKZiiolana (p. I.'hi) an<l trwni 
(p. 16.3), but contains rather morl^ silica anil less alumina. It is 
used in place of part of the sand in waterproof concrete, as it com¬ 
bines with the lime set free when I’ortland cement is wetted, and 
forms therewith a fresh cementitious compound. 

Schists are crystalline rocks having a characteristic structure 
composed of more or less closely-parallel layers or folia, consisting 
of one or more minerals, either in distinct or alternating laminae, 
or intermingled in no definite order. The texture is somewhat 
similar to that of stratiHcsl rocks, but the layers are not continuous 
and arc often broadened out into Icnticles. They are frequently 
contorted and sharply curved, this structure ■ being particularly 
evident under the microscope. The layers are not rc^ily detached 
from each other, but form a tough and not easily fissile mass. 

Schists are usually named by some characteristic mineral which 
they contain, as mica-schist, chlorite-schist, hornblende-schist. 
Mica-schists must not lie confused with micaceous sandstones, 
which also contain numerous laminae of mica and are easily split 
Up into flakes. Such a structure, though similar, is not truly 
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schistose, being due merely to the mode of settlement and not tc 
crystallisation in situ. 

Schists have been formed by the action of various metamorphic 
influences, particularly pressure upon sands and clays. They 
occur chiefly in the Highlands of Scotland and the North of Ireland. 
They are sometimes used for the manufacture of silica bricks, 
though generally they are unsuitable fortthis purpose. 

The Port-a-cloy rock foAnd near Stonesiield (Co. Mayo) consists 
of a <leeompoacd quartz-mica schist, which, according to H. F. 
Harwood, has the following analysis : 


Silica 
Aluitiina 
Titanium oxide 
Ferric oxide 
Limo 
Magnesia 
Potuah 
Soda 

I. 08 H on ignition 


76-47 per cent 
12-66 
0-.H 
1-82 

0-12 • „ 

0-4.’i 

e-o.i 

0-31 

2-94 


According to Boswell, it contains numerous grains of rutile, 
ilmenite, zircon, chlorite, muscovite, and mica, whilst about half of 
the crushed material consists of grains between 0-26 and 0-5 mm. 
diameter, together with nearly 30 per cent b<!tween 0-1 and 0-25 mm. 
diameter. About 3 jx>r cent of coarse grains between 0-5 and 1 mm. 
diamett'r and nearly 4 [ter (X'nt of " clay ” are also present. 

Sea Sand is produced by marine deposition, but it is largely 
derived from the action of glacial, fluviatile, estuarine, and aecman 
forces. The common idea is that sea sand is chiefly produced by 
the erosive action of the sea on the coasts, but this is improbable. 
Some sand is certainly produced by this means, but the greater 
part of the sea sand appears to have been delivered as sand to the 
sea and accumulate<l by various agencies along the shores. .(See 
Shore Sands, p. 157.) Nine-tenths of the world’s coasts being 
lined with sandy licaches, there must be an omnipresent source 
of supply, far greater than the direct effect of sea-water on the 
coast. Moreover, large sandy beaches occur at the foot of many 
coast-lines made of materials which do not produce sand. 

Sea sand is usually yellowish in colour, though at the junction 
of some rivers A'ith the sea it is almost white, as Calais sand. The 
less pure varieties contain much iron, sometimes a large proportion 
of fine chalk, and almost invariably some salt. The latter can 
seldom be completely removed by washing, so that sea sand cannot 
be used where this ingredient is harmful. Many sea sands also 
contain a considerable proixrrtion of organic matter, together with 
the remains of living organisms, such as shells. They also contain 
a very large variety of different minerals, though the proportion 
of each is often too small and too variable to determine accurately. 

Secondary Sands are those which have been carried away by 
water or other denuding agency from the place where they were 
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originally formed and have been rc-doi)osited. They are usually 
purer than primary sands, on account of the classifying action of 
the wind or water which has trans])orted them to the new situation. 
Thus the heavy minerals present will b<t eliminated to some extent, 
unless they are very fine, as a current of air or wuUt capable of 
carrying grains of quartz of a certain size will only Ix! able to carry 
very much smaller grains* of heavier minerals, so that the larger 
grains are left l)ehind. There may als6 Ix^ a eoiisiderahle amount 
)f classification with reference to the sizes of the grains. 

Sedimentary Sands are identical with secondary sands, and owe 
their name to the fact of their first Ix-ing sus|x‘nded in water and 
then allowed to settle, forming sediments. They are sometimes 
termed “ transjan-ted ” sands. 

Sheii Sands contain a large projKn tion of comminuhsl shells, and 
are generally found on low, shelving coasts exposi.'d to jwcvalent 
on-shorc winds. In some places they are consolidated into a hard 
mass by the solution and ixi-deposition of lime around the shell 
grains. Shell sands are use<l to some extemt by farmers for dressing 
land, the calcium carbonate present enriching the soil. (See also 
p. 35.) 

Shore Sands are thost; occurring along the sc'a coasts in the form 
of beaches, dunes, etc., and may be prixluc-ed either by {a) the 
disintegration of rocks along th(! sea ixxist; (ft) the aix'umulation 
from some other locality of material from disinU'gratcd rocks, 
brought to its present situation by marine action ; (c) materials 
reduced to powder by fluviatile or gla<nal action and transported 
to the sea, from which they are throwui back on to the shore; or 
{d) the accumulation of loose material as a result of wind or aeolian 
action. Sands belonging to section (d) are further dealt with under 
the heading Bloum Bams (p. 82). 

• Most Ix^aches are formed of sands accumulated by methods (a), 
(6), and (c), but they are augincntcd by blown sand (rf). The 
occurrence and distribution of shore sands are dealt with on p. 77. 

The colour of shore sands varies from almost jnire white to dark 
brown, through various shades of grey, yellow, and brown. There 
are no pure white sands of this tyix' in the Unitc-d Kingdom which 
are present in sufficient quantity to be commercially useful. Grey 
sands, according to Boswell, occur at Ballyphctrish, Tin*, Clona- 
kilty, Co. Cork (Ireland), Laig Bay, Eigg, and La^gas Bay, Islay 
(Scotland); these contain very small proportions of iron oxide, 
though, on burning, they turn a rather darker colour. The sands 
of Aidara, Co. Donegal, vary from pale to yellowish brown, whilst 
those of Ballycastle and Portrush (Co. Antrim), Ckialisland (Lough 
Neagh), Machrihanish Bay, Millisle, Co. Down, and Sutton, Dublin, 
are also brownish in colour. They mostly darken slightly on 
burning, on account of the oxidation of the ferrous iron compounds 
present. 

The chemical composition of shore sands varies considerably, 
depending on the nature of the rocks from which they have been 
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formed, the character of the actions resulting in their accumulation, 
and many other factors. The purest shore sands occur, according 
to Boswell, in the Isle of Jtira, and contain about 0-07 per cent of 
iron oxide and nearly 08 [wr cent of silica. The sand at Sandy- 
mount Strand, near Dublin, used for gliiss bottles, contains only 
about 84 per cent of silica, 5 per cent of iron oxide, and nearly 
5 per cent of lime. • 

Tim .sands at Maghera* atul Sandlields, Ardara, Co. Donegal, 
contain about ()-7 pcT cent of iron oxide, as well as a considerable 
amount of calcareous shells and heavy detrital minerals. 

Th<! hsxtiirc of shore sands varies considerably. According to 
Hosw(!II, th<! best qualities contain over 90 per cent of grains between 
0-25 and Os') mm. diameter; the beach sand of the Isles of Jura and 
Kigg contain over 9.') ()cr cent of grains Ix'twcen these sizes, whilst 
the sands of .Maghera, Co. Donegal, Portrush* (>>. Antrim, and 
Camas contain over 98 [kw cent. A few sands contain a larger 
proportion of coarser grains, as at St. Ives, where 16 i)er cent of 
the grains exceed ()•.') mm. diamekw. 

A variable proportion of grains less than 0-25 mm. diameter also 
occurs in various shore sands. Thus, Roswell found that the sands 
of Sandfields, Co. Donegal, and Rallycastle (Ireland) contain nearly 
16 |x)r cent of grains between OT and (>•2.') mm. diameter ; whilst 
at Clonakilty, Co. Cork, about 22-24 ]H'r cent of grains within these 
limits is ju'c.sent; and at .Machrihanish Bay, Bally[)hetrish, and 
Laig Ray (Isle of Eigg) there arc res|K)ctively 30, 34, and 45 per 
cent of th() liner grains. The .sands of Sandymount Strand, Dublin, 
Isvggas Ray, the Isle of Islay, and at Millisle, Co. Down, consist, 
according to Roswell, largely of Hne grains between 0-1 and 0-26 
mm. diameter, the fii-st containing about 65 ix;r cent, whilst the 
other two contain between 70 and 80 |X‘r cent of these grains. Ho 
found that the pro])ortiou of “ clay ” is usually quite low, and 
seldom exceeds about 1-5 jjcr cent. At Aberdeen, however, it is 
nearly 3 jxw cent, and at Maghera Green (Ireland) 8 per cent occurs. 

Shore sands are used for various purpost^s. The English shore 
sands are too inquire and too variable in composition to bo used 
for any purposes other than those for which a crude and impure 
sand will serve. Some of the Irish shore sands are, on the contrary, 
sufficiently pure to bt) used for glass manufacture. The poorer 
qualities are Used for building purposes and where a material 
of great p\irity is not essential. 

Silica Flour is finely divided silica sand or cnished quartz, which 
is used for various purposes, including the facing of dry-sand 
moulds so as to give a smooth surface to the castings, as a filler 
and detergent in the manufacture of soaps and cleansing powders, 
in metal-polishes, etc. 

A small quantity of silica flour is sometimes used in the manufac¬ 
ture of silica bricks where a dense structure is required. Silica flour 
is also used as an abrasive and in the manufacture of ultramarine. 

SlUoa Rooks are largely used as sorurces of sand where a suitable 
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incohenent sand is not availablo. They may be divided into four 
classes : 

(i.) Quartzites ami schists. (SceQaartciVcs, p. I3.S, and .SV/m«/s, 
p. loo.) 

(ii.) Silica rocks, sandstones, and grits (]>. 147). 

(iii.) Gani.ster (p. 1(14). 

(iv.) “ Amorphous ” (|flar1.zites having c.vtremelv line grains 
(p. 143). • 

Siliceous Sinter is a form of hydrated silica, also known as 
gcynerite and Kieselsinler ■, it i.s prodiu'cd by the precipitation of 
silica from soluthiii around hot springs, etc., where the solution 
conies into contact with the air. It may oecair as crumbling and 
earthy, compact and Hinty. or linely laminat<-d and shaly deiiosits. 
It may b(^ dull and‘'opa(|ue or translucent, in the lath'r ease having 
a pearly or waxy lustre. When pure, it is snowy white in colour, 
but is often tinged with yellow or jiink. It eonsi.sts of H4-()l )H'r 
cent of silica, together with small (iroportions of alumina, ferric 
oxide, lime, magnesia, and alkali, and from to S |ht cent of water. 
In Iieland, a Is'd of siliceous sinter is saiil to Is- six miles long, nc^arly 
a mile wide, and a hundred feet thick; whilst in the Yellowstone 
Park, Amerii'a. similar enormous Ixsls occur. 

Slit is a detrital matsTial produeeil by Huviatile. lacustrine, or 
glacial action, and consists mainly of very line sand and granular 
non-plastic materials, together wdlh a greater or less in-oportion of 
clay. Seger delines silt to be that portion, which may Ik- washed 
away by water travelling at 0-7 mrn. |ht .second. This eoriDsponds 
to particles between 0 01 mm. and O-Oio mm. diameter, but Boswell 
defines it as O Ol-O l mm., dividing the sizes into («) fine silt, con¬ 
sisting of particles btdween 0-01 and O-Oo mm., and (6) coarse silt, 
which consists of particles 005 to 0-1 mm. diameter. 

Silt may be eomjKised of either fine calcareous or siliceous 
material, together with a variable proportion of clay, according to 
the nature of the rock from which it is derived. It is sometimes 
known as rfamp or duff. 

The Humber silt has Ix'cn successfully used for making bricks, 
many of which have been used for (Jrimsby docks and town. It is 
of a dark blue colour, which sixm, from ex|iosure, changes to brown. 
On burning, the bricks vary from a dark purple to ft dirty white, 
passing through various shades of blue, red, and yellow in a space 
of two or three inches. 

The slime or silt from the River Parrett is .used in the 
manufacture of bathbricks, an imiKirtant household abrasive and 
cleansing agent. 

Sliver Sand is a fine white sand which owes its name to its 
supposed silvery appearance. It is found in small quantities in 
many localities in the form of “ pockets ” in clay beds. Largo 
quantities of silver sand arc imported from France as ballast for 
returning vessels, and for that reason it is often known as Calais 
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sand, though it need not have been quarried near-Calais: It is 
largely used in agriculture for opening up heavy soils, as a coarse 
abrasive, for scouring purposes, glass manufacture, as a source of 
silica in various chemical industries, and generally for all purposes 
for which a pure silica sand is used. The appearance of silver sand 
is often misleading, as it gives the impression of being a very pure 
sand, though this is by no means always the case. (See White Sands, 

p. 168.) * 

Soil is that portion of the upjwrmost layer of the earth’s surface 
which is in a sufficiently loose state of division to be suitable for 
the growth of plants. It consists of the finer mineral particles 
produced by the action of the weather on rocks, together with 
decayed animal and vegetable matter—that is, of a mixture of 
sand and clay, with or without other materials,—and is exceedingly 
varied in character. Soil is usually formed‘by the growth of 
vegetable matter on the weathered upper surfaces of rocks. Apart 
from the disintegration of a rock at the surface, little change may 
take place until plants commence to grow in it. The decayed 
vegetable matter becomes mixed with the rock residue and forms 
what is known as soil or earth. The organic snb.stances dissolved 
in the water, fK'.rcolating through tliis soil and descending to the 
rocks below, aid further in disintegrating the rock. 

A section through a soil bed and the rock bt'low would show a 
continuous gradation between the soil above and the .solid rock 
below, passing from the sandy subsoil through jsibbles and large 
stones until finally the undecompostd rock occurs. In Great 
Britain the soil forms a layer from a few inches to more than 
afoot thick, and below it lies the rock, with an intermediate material 
—the subsoil—between them. There is frequently a strong re¬ 
semblance lietwocn a soil and the rocks on which it lies, but great 
differences between them exist so frequently that it is impossible 
to lay down any definite rule for their comparison. 

In some eases, soils are formed by material which has been 
transported either by water or by wind from some other locality and 
deposited. 

t Dust and sand may l)e intercepted by plants, etc., and gradually 
descend to the soil below or be washed down by rain, increasing the 
thickness of the soil. Thus the rich soil of the plains of China, 
termed “ loesfl ” (p. 125), is partly the result of the deposition of 
blown detritus. In Central Asia the air is sometimes thick with a 
fine yellow dust, which, in Khotan, is sometimes so thick as to 
obscure the light of the sun. This dust gradually settles and forms 
a valuable soil, rendering the land very fertile. 

The action of the various natural agencies at work in the dis¬ 
integration and weathering of rocks has already been described 
(Chapter I.). Soils are termed “ sedentary ” when they have 
been formed by the simple disintegration of the rocks on which they 
rest, and “ transported ” when they have been carried to other 
places by water, ice, or wind. 
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Soils are divided into four chief groups, according to their main 
constituent: (o) argillaceous or clay soils; (b) airnaceous or sandy 
soils; (c) calcareous or marly soils; and (d) humic or |H'aty soils. 

The soils which most interest the reader of this volume are 
class (6), and these may be divided into three? sections : 

(i.) Sandy soils containing 80 ])er cent or more of sand. 

(ii.) laeamy sands a)ntaining 70^1 |a‘r cent of sand. 

(iii.) Sandy loams containing 00-70 ikt cent of sand. 

Soils containing large proportions of sand are very porous, 
friable, and light or " ojx'ii," and are ve'ry valuable for certain 
branches of agriculture. (See Vol. 11., Chapter \’lll.) 

The nature of the soil de|K'nds on tlie rock from which it has 
been derived. Tuhi'-kofT clivs.scs soils as follows : 

1. Latcrite- soils, developed in hutnid, tropical climates, and 

marked by a high pro))ortion of hydrated fiTric oxide 
and alumina. 

2. Wind-blown, or loess soils. 

.■$. Soils of dry steppes, rich in soluble salts, often alkaline. 

4. Black soils (Tchernozetn), rich in neutral humus. 

5. Grey forest soils, with less humus. 

(i. P<?aty and ashy soils, including all the soils of Great Britain. 

7. Tundra soils. 

The effect of sand in soil is dcserilH'd later in Vol. II., Ghai)ter 
VIII. 

To the agriculturist the soils derived from .sediim'iitarv rocks 
are of greatt'r value than those ju-oduced by tiu? disintegration of 
igneous rocks. The alluvial dejarsits are soils in theinsr^lves and 
may vary from light silty soils to heavy clayey beds, or th(?y may 
be conij)osed of peaty matter. Soils prodma'd by glacial action 
are very variable in character and usually are ricdi in clay and 
stones—often of limestone. Su(?h soils occur esjieeially in Norfolk 
and Suffolk. 

The Eocene soils are very valuable and are larg(?ly utilised 
around London, though in some eases, for example in the Bagshot 
sand, the soil is very fwor and almost worthless for agricultural 
purposes. The Eocene fs'ds yield the heavy Ix)n(k)n clay which 
is a valuable soil for sonu? purposes, but in the south of Hampshire 
they are very poor and sandy. 

The Chalk soils are thin, whitish, and poor, luid are ehiedy 
employed for pasturage. 

The Upper Gre-ensand gives a dry, porous and limey soil of 
moderate? fertility but sometimes rather thin. 

The Gault gives a cold, sticky, brownish soil of little value. 

The Lower Greensand soils vary greatly in ch,aracter from a 
very fertile land to that which is almost barren, these changes 
in character often occurring within very short distances. 

VOL. I 
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The Woald formation'givee a stiff, yellow soil which is generally 
wet and poor, though sometimes very productive. 

The Hastings beds yield soils which are poor and sandy, whilst 
those on the Oolite are generally somewhat clayey and calcareous. 

The Portland beds and Coral Rag give thin, calcareous soils, 
though occasionally rich sandy loams are found which are very 
productive. i 

The Kimmcridge clay bjds give excellent pasture soil of a stiff 
clayey nature, and the Oxford clay is somewhat similar, being 
rather difficult to work and sometimes poor. 

The (.V)rnbra8h bods give calcareous soils, as do also the Forest 
Marble and the Great and Inferior Oolites. 

The Lias beds give light soils of very good quality, which are 
excellent for arable purposes. 

The Trias soils are somewhat jwrous loams which are excellent 
if not too porous. 

The Permian rocks give light, dry soils, which aiX! generally 
fertile. 

The Coal Measure soils may be either light and sandy or very 
heavy, whilst in some places a mixture forms a very usefid, fairly 
light soil. 

The Millstone Grit rocks form very thin and poor, sandy soils, 
and are often wa.ste moorlands. The (Carboniferous Limestone 
gives a thin, calcareous soil which is decpc;r and richer in th(! valleys. 

The Old Red Sandstone weathers to a rich and deep soil of great 
vsflue, though in some parts it is very sandy. It is also frequently 
calcareous. 

The Silurian formation gives cold, clayey, <ir sandy soils, though 
in some parts it is fairly fertile. 

The Cambrian and Laurentian rocks give good soils at low 
elevations, but at higher ones they are poor and sandy. 

Igneous rocks generally give very thin and poor .soils except 
in the valleys, where good soils arc sometimes fo\ind. In some 
plares granite gives a very fertile soil. 

In general, the harder rocks produce very thin and {X)or soils, 
whilst the softer rocks give deeper and richer soils. Clay rocks, 
of cptirse, give clayey soils, whilst those produced by the dis¬ 
integration of sand rocks are more sandy and lighter. 

Standard Sand is a term applied, especially in connection with 
the manufacture of concrete, to a sand used for comparing the 
binding power of various cements, and, conversely, as a means 
whereby the suitability of other sands for concrete may be judged. 
For this purpose, any other sand is required to possess as closely 
as possible the same qualities as the standard sand. The British 
standard sand is obtained from Leighton Buzzard, whilst the 
American standard sand is obtained from Ottawa, Ill. Both the 
British and the American standard specifications for cement require 
the use of a sand of 20- to SO-mesh, i.e. composed wholly of particles 
0-016 to 0-026 mm. diameter, though the British sands used in 
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concrete do not always conform to this specification. The American 
standard specification demands sand consistiii}; of rouiuled grains, 
whilst the British standard sjx'cification mentions the Jxdghton 
Blizzard sand, which is subangnlar. 

The standard sand in Franei- is obtained from Is'iieate, the 
particles being between 1-5 mm. and 1 mm. diameter (0-()4 to 
0-06 in.). A compound sl.andard sand is also used in Franw 
consisting of equal parts of sands t)f the following grades: 
(a) 2 ram. to 1 -5 mm., (b) 1 -5 mm. to 1 mm., and (r) 1 mm. to O f) mm. 

In Germany a standard sand is useil which is very similar to 
the British standard, but the German sand must not exceed 
28-mesh as compared with the 20-mesh in this country. 

The standard sand used in Austria is also similar to the Biitish 
standard sand. 

Subsoil Sands are the arenaceous de])osits formed by the dis¬ 
integration of rocks, and, when mixed with ileeayed vegidablo 
and earhonueeoUH matter, form the soil whii'h covers thi^ surface 
of most parts of the earth. 

The colour is usually yellow or reddish, due to thi> ])n'sencc 
of hydrous ferric oxide (limonitc), which is an important colouring 
agent in nearly all weathered materials which do not contain 
any aiipreciable profiortion of organii^ matter. 

Tar Sands, SCO Oil HandK (p. 131). 

Terrestrial Sands ari^ tho.se formed on land surfaces as the re.sult 
of the disintegration of jire-existing rocks. 'J’hey may be classified, 
according to Isikc and Rastall, as follows : 

Residual: gravels, sands, wai^ke, laterite, etc. Sedentary. 

Colluvial: talus and cliff debris. t 

Alluvial: alluvium and swamjis, and some loess. I 

Aeolian: wind-blown sand and some Iik'ss * ’ 

Olacial: moraines, drumlins, eskers, etc. j 

Thanet Sands occur at the base of th(‘ Eocene formation in the 
north of Kent and in the Isle of Thanet. from which the bisls are 
named. Their occurrence and distribution are de.scrilx'd on j). fi7. 
They vary in colour from grey to pale broa-n. At (Iiarlton, in 
Kent, the top beds consist of clayi'y sands, known commercially 
08 “ Blackfoot ” or “ Erith ” sand, and are useff ns moulding sand 
in foundries and steel works. The paler lieds contain, according 
to Boswell, about 95 per cent of silica and 2-4 jx-r cent of alumina, 
together with about 0-42 per cent of iron oxide and a small percentage 
of lime. The principal dctrital impurities present include ilmenite, 
leucoxene, limonite, zircon, rutile, tourmaline, staurolite, andalusitc, 
and muscovite. The sand is very fine, containing, according to 
Boswell, nearly 80 per cent of grains between 01 and 0-25 mm. 
diameter, together with about 16 per cent of grains between 0-26 
and 0-6 mm. diameter. A small proportion of “ clay ” is also 
present, W it does not usually greatly exceed 1 per cent. The 
Charlton sand is used chiefly for ordinary bottle-glass. 
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In the Thanct Ix-ds at Bramford, near Ipswich,- a dark-green 
glauconitic sand occurs which, according to Boswell, has the 
following coin|X)sition : 
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It is not at present usesd, but it might Iw useful ns a source of 
potash. 

Thorium Sands, s(!e Momizile. SamJn (p. 12H). 

Till is a term .synonymous with Glacial Drift, though it is usually 
u[)plied oidy to tln^ plastic clayey |)ortion of the Drift. 

TIn-bearIng Sands and Gravels are jiroduced by the concentration 
of cassiterite ol)tained by th(( decomposition and disintegration 
of granite rocks. The wissit.erito is usually a.s.sociated with tour- 
malin(^ topaz, axinite, garnet, wolfram, sclu'clite, limonite, magnetites 
and other heavy minerals, these, including the tin, temding to 
beconu^ coneenti'nted at tlu? bottom of tlu! deposit. The sand 
itse^lf is largely (s)mposed of tourmaline-bearing quartz. The 
greater of tlu! world’s supply of tin is now obtained from the 
tin-bearing gravels of Malaysia, where it is a.ssocialed with ibnenite, 
arsonopyrite, wolfram, monazitcq topaz, and totirmaline, but is 
readily separated by methods which are based on the tin ore having 
a much greater six'eific gravity than that of the other minerals 
a.ssoeiated with it. 

Tin also occurs in the islands of Banka and Billiton, in the Dutch 
Indies, in Siam atvd Burma, in Western Australia, Tasmania, 
SouthiTU Nigeria, Bolina, Swaziland, and the Transvaal, in Africa, 
and in (kirnwali, England. Near St. Austell a tin-))lacer 5-6 ft. 
thick occurs iK'iieath beds of gravel, sea-sand, clay, and jxjat from 
40-44 ft. thick, and resting upon the solid rock. These beds also 
contain microscopic particles of gold derived from lodes of copper 
and iron-])yrites. 

Titanium-bearing Sands are alluvial deposits containing titanium 
in the form of rutile (titanium oxide. TiOj). These deposits have 
been formed* by the weathering and disintegration of dyke-rocks 
rich in rutile, aided by the subsequent concentrating action of water. 
Titanium also occurs as ibnenite (titanate of iron, FeTi 03 ) in the 
black sands which occur in different parts of the world, on beaches, 
and on river banks. The black sands of the St. Lawrence river 
are titaniferous and have lieen derived from the gabbros which 
abound in the district. Many of the concentrates of tin and 
monazite sands are also rich in ilmenite. Those in Travancore 
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contaiit over-30 jht cent of ilincniO- which may be recovered, 
a« a by-product, in the magnetic eoncentrntioii of the momi/iO-. 

Tosca is a pozzuolana (p. 136) or voleanie a«li fo\mil at Teneriffe 
in the Canary Isles. It is used chietty in Spain as a sujK>rior 
substitute for part of the sand in inortafs and eonevetes. 

Trass is a powdery volcanic tuff or scoria consisting of con¬ 
solidated volcanic a.shes. JThe name was tirst applied to a material 
occurring in the valleys of the llrohl iKid the Nette. two streams 
W'hich discharge into the Rhine. 'J’rass was introdm'cd into this 
co\mtry from Holland and was known as " Dutch Tarrass.” It 
occurs in many other countries, sonudimes in an earthy mass 
and sometimes as a rock. Roth forms may Is' used, the rock 
Ixung in some ])laces superior to the earthy form, whilst in others 
the earthy form is tiu' better. 

Trachyte- and leucite-tufTs an' veiy similar in com)K)siti<in ami 
properties to trass. 

Table -Will, gives typical analyses showing the composition 
of trass : 

Tabi.k XXIII. .\NAi.vsi;s or 'I’sass 
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The im])ortant ingredient of trass from a technical or com¬ 
mercial point of view is the. free siliiai. po.ssibly also .soiiu^ free 
alumina, which combines with fhi- lime set free when Cortland 
wment is wetted, or with the w-et lime in ordinary mortar, to form 
a cementitious materi.al. This jxirtion of the silica is siddom 
indicated in a chemical analysis, though it is the only active 
ingredient in trass, all the other materials Ix-ing of an iiu^t nature. 

Trent Sand is a sand obtained from the river Trent, and is 
used in th<; building trades and for |Hilishing. Similar sands from 
the Srivern and in other rivers in this (snintry art used for the 
same purpose and are occasionally sold as “ Trent sand.” It is 
an ordinary river-depisited sand of imslium grade, excellent as 
an abrasive and polishing agent, but not sufficiently pure to be 
used as a source of pure silica, or for glass manufacture, etc. 

TTiassIc Sands comprise the Hunter and the Keuprw sands, 
which may vary in colour from white to brownish, anri are of 
widely different texture in different localities. Their occummcc 
and distribution have already been described in (hapter I. {iko 
also Burlier Sands, p. 85, and Keuper Sands, p, 123.) 

Tripoli is a variety of kieseigiihr or diatomaceous earth (p. 96) 
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which is found in Tripoli and Bohemia. Ifc is more compact than 
the material in mo.st (liatomaceous beds and is somewhat laminated 
in character. It is chiefly used as an abrasive for flno polishing, 
but it is also employed ns an absorbtmt in the manufacture of high 
explosives and to a limited extent in the manufacture of porous 
plates and filtering media. 

TuH or Tufa consists of volcanic wh which has been con¬ 
solidated by ])n5asuro into i rock of varying hardness. It is found 
in the vicinity of most extinct and active volcanoes, and is some¬ 
times ground to powder and used in the preparation of hydraulic 
mortars, including pozzuolana and trass mortars or cements. In 
many ways it resembles trass (p. 105), but contains loss active 
material (soluble silica). 

Pe.perirw is a dark-brown earthy granular tuff found near Romo 
and containing crystals of augite, mien, leucile, magnetite, and 
fragments of crystalline limestone, basalt, and leucite-lava. Pala- 
gonite-tuff is a btKldiid aggregate of dust and fragments' of basaltic 
lava containing angular pieces and minute granules of pale yellow, 
gnsen, red, or brown altered basalt ghuss called palagonite. It is 
found in Icelandic and Silician volcanoes, at Eifel, Nassau, 
Auvergne, Scania, Faroe Isles, Canary Isles, New Zealand, etc., 
and also in the Carboniferous rocks of Central Scotland. Pelitic 
tuff is a volcanic ash composed of minute particles of volcanic 
detritus, basalt, and microlites. It is obtained mainly in deep-sea 
dredgings ; the quantity available is far too small to be of serious 
commercial value.' (See also Pozzmlana, p. 130.) 

Tungsten-bearing Sands are alluvial deposits containing tungsten, 
as wolframite (tungstatf! of iron and manganese (FeMnWO,), 
such as the sands and gravels of Southern Hunan, Southern 
Kwangsi, and Kwantung in Chinn, from which depo.sits most of 
the (’liinose tungsten ore is obtained. Wolframite also occurs in 
alluvial deposits in the hill slopes in Burma and in the Malay States. 

Schcelite (calcium tungstate, CaWOj) occurs in deposits formed 
by the surface weathering of limestone with intrusive granites in 
the Kinta Valley, Malay States, from which locality it can be 
readily obtained. 

In Arizona, wolframite and scheclite, together with hubnerite 
(tungstate of manganese (MnWOi) with iron), occur in the 
Dragoon Mouhtains. Those depo.site are very rich and yield a 
concentrab' containing 70 per cent of tungstic oxide. 

In England, wolframite occurs in association with cassiterite in 
the alluvial deposits of Bodmin Moor, which have been derived from 
the disintegration of the pegmatite veins which traverse the granite 
in this district. 

Vltrlflable Sands are tho.se in which some of the constituents 
melt at a relatively low temperature and produce a dense, impervi¬ 
ous, or even glassy mass. The constituents which produce vitrifica¬ 
tion in sands of this kind are principally lime, magnesia, and alkalies, 
all of which combine with the silica and form fusible silicates, which 
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melt to a glaimy mass. If these constituents are in excess they are 
injurious^ as they produce too fusible a mass. 

Vitrifiable sands vary with respect to the range of vitrification 
according to the number and nature of the fluxes pre.sent. Thus 
lime shortens the vitrification range of the sand, and the time taken 
in producing a thin liquid glass after the lime silicate commences 
to melt is very small. Magnesia, on the other hand, tends to 
increase the range of vitrification. \Vhfn several fluxes are present 
simultaneously, they usually effect a more active and rapid vitrifica¬ 
tion than when only one flux is present. 

Where a vitrifiable sand is required, but is not available, a more 
refractory sand may l)e rendered vitrifiable by tlu^ addition of 
suitable fluxes, such as soda, lime, or even felspar, in the requisite 
proportions, so as to jirodiKs^ a sand which becomes fluid at the 
de.sir<‘d Uunjxirature. This is the basis of the manufacture of glass. 

Volcanic Sands are usually very siliceous and consist of angular 
grains, as they have Ixicn subjectcal to much abrasion or weathering. 
They contain particles of all sizes up to that of a |X‘a, together 
with large quantities of microlites and erj'stals of minerals, 
part.icles of volcanic gloss, and minuti'ly cellular fragments and 
elliptical {“ hour-glass ”) particles. The finest dust is, in volcanic 
sands, ultra-microscopic. 

The following analyst's, due to Kilvestre, are typical of the 
composition of volcanic ash and sand : 
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Wad is an earthy form of manganese dioxide, formed in low- 
lying districts by the decomposition of manganese-bcttring minerals. 
It is dull black and amorphous, and often contains cobalt oxide, 
one variety knowm as AsboUme or earthy cobaU containing up to 
32 per cent. Another variety of wad, lampadile, contains 18 per 
cent of copper oxide. Wad contains a large projKirtion of man¬ 
ganese dioxide and is used for making chlorine and for umber paints, 
whilst asbolane is used as a source of cobalt. 

Warp is a mixture of sand, silt, and clay, usually of fluviatile, 
estuarine, or marine origin, such as occurs in the Humber district, 
where it is a light chocolate-coloured material of a soft, silky 
nature, having bwn produced by the disintegration of the Boulder 
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Clay and washed up by the sea and tidas into the estuary of the 
HiimlK^r. It differs from the fluviatile deposits of the rivers 
flowing into the HiimlsT, whieh are richer in sand and silt but 
poorer in iniea. Much of the land west of the present mouth of 
the riv(!r Humtxjr consists largely of warp. This material is of 
small commercial value ; it has been used as a brick earth, though 
not well suited to this purjxrse and vcryidiflicult to manipulate. 

Wealden Sands occur itf that portion of the Cretaceous System 
which is of fluviatile origin beneath the Wcuild clay. They arc 
dealt with under the heading Haslings Saruh {p. 121). 

White Sands consist chiefly of quartz, felspar, and other colour- 
le.ss luinerals. Heavy detrital minerals are generally nKsent or 
pMssent in vtuy small proportions. The fact that a sand is white 
does not necessarily mean that it is pure quartz, as it may contain 
largt' i)roportions of felspar, mica, and similar minerals. Sands 
composed of pure (|uartz are, howeviT, white and arc very valuable 
for glass-making and other purposes where a puns .sanci is needed. 
The po(!kct sands of Derbyshire, Staffordshire, and Wales are white, 
but contain a considerable j)roportion of mica and other im¬ 
purities. White sands may also be |)ro(luced by the bleaching 
action of lavrbonaccous matter, which reduces the iron compounds 
to the ferrous state and (iauses them to lx( removed in solution. 
White sands which develop a pinkish tinge on heating ha\ e usually 
been bleached in this way, but still contain .some iron compounds 
in the ferrous state, which is oxidised on heating and j)roduc(^s the 
colour. The term While mtul is .sonu times applied to ground silica 
rock. 

Wolfram deposits contain tungshm ore in j)articles of various 
sizes .scattered through a tuatrix of granite and (|uartz. (8ce Tung¬ 
sten Sands, ]>. HW).) 

Woolwich and Reading Sands are described in (.'haptcr I. (p. (i7). 
They are chiefly employed for building purposes, hut some are u.sed 
in the manufaeture of bricks, tiles, and red earthenware. 

Yellow Sands generally owe their cr)lour to the presence of 
hydrous iron oxide (limonite). In some volcanic districts where 
sulphur is very abundant this may give a characteristic yellow 
powder which might be mistaken for sand. 

Zirconium-bearing Sands occur as river and beach deposits in 
Travanoore (IiVdia), Brazil, and t^eylon, the zirconium being in the 
form of zircon (zirconium silicate) formed from the decomposition 
of pegmatite rock and syenites. 

In Travanwre the non-magnetie residues of the monazite sands 
consist almost entirely of zircon. (See Monazite Sands, p. 128.) 
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MINERAL AND OTHER CONSTITUENTS OF SAND 

At the eotiinieiioeriient of tliis volume it was stated that a sand 
mij(ht 1 k‘ defined as any loose detrital frranniar inats'rial occurring 
in accumulations of various kinds as a result of atmosplieric, 
a([Ueo>is, chmnical, volcanic, or organic action, the particles being 
of any size between 0 01 mm. an<l 2 mm. diameter. Thus a sand 
may contain any mineral which could po.ssihly occur in Natiire as 
the rosidt of some natural action. Consequently, almost all 
minerals which are ca)iahle of resisting the action of weather may 
Ik! found in one or other variety of sand. As sands are |)roduccd 
by the disintegration of various igneous, .sedimentary, or othiT 
rocks, their mineral eonstituents will la- tllc- same as those of thi^ 
rocks from whic'h they have been formed, with tin; exctqdion of any 
minerals which may be remov<-d in sohition on or after the dis¬ 
integration of the jiarent ro(^k. and with th(! addition of any other 
minerals which may have Ix'en hro\ight into the sanil, as by trans¬ 
portation from soir.i! other loisdity. 

Minerals other than silica (which is the chief constituent of most 
sands) may occur in four distinct conditions according to the cir¬ 
cumstances undiT which they have heeir jiroduced: 

(1) Crystalline minerals as; (a) more or less regularly defin<al 
crystals, though these are rather infi-eipient excejit wh(!r(' sands 
have not been subjected to much abrasion or transportation. The 
crystals may lie .separate or assoeiaU'd in twos (twins) or threes 
(trills), according to the nature of the mineral, whilst in other 
cases a cry.stal may be built up of simple “ rtiicroliths." (fc) 
Amorphous particles or aggregations of particles having an inb-rnal 
crystalline structure. This type of grain is most common, as the 
exterior of the crystals has often been largely remored by attrition 
and corrosion due to prolonged exposun; to weathering and othiT 
influences, w'hiLst the grains in the original rock, Isdore dis¬ 
integration into sand, may not have iKissessed perfect crystalline 
form. Thus in granites and similar rocks the crystallisation of 
the various minerals has been largely impeded by surrounding 
grains, so that irregularly-shajied crystals are the result. When 
such a rock is disintegrated the loose grains prrMluml will be 

tttn ^ 
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similarly irregular in shape, whilst at the same time possessing the 
internal crystalline character of the particular mineral of which 
they are composed. Where a sand has been produced by the 
disintegration of a rook which contains perfect crystals of quartz 
and other minerals, a large proportion of these crystals will occur 
in the sand, though their shape will be modified by the mechanical 
abrasion to which they have been subjected by the action of the 
wat(?r, ice, or air during traarportation from one locality to another. 

The fact that a mineral is crystalline in character, even though 
it may poss<!ss i|uite irregular external outlines, may bo readily 
detected by oxaminihg it under a microscope with polari.sed light. 
With the exception of minerals of the cubi<! sy.stem, which are 
invisible in the dark field produced by cro.ssed nicol prisms, all 
crystals and fragments of crystals are just as visible in jadarised 
light as in ordinary Ijght, whilst non-crystallihe (isotropic) sub¬ 
stances are invisible, or almost invisible, under such conditions. 

A third form (c) in which crystals occur in sands is its “ crystal¬ 
lites ” or “ microliths,” which are ineijaent forms of crystallisation. 
Crystallites occur particularly in sands of volcanic origin. They 
consist of inorganic particles ])o.s8essing a more or le.ss definite 
shajie, but generally without the geometrical characters of true 
crystals. They may apiKsar like drops or glnbuliUs of an isotropic 
character, lu' they may lie elliptical or have sharp corners. Others, 
termed microliths, are rod- or needle-shaped and are often in 
variously-shaiied groups. Augite, hornblende, apatite, and fel¬ 
spars may occur in rudimentary forms of this kind. They are 
usually colourless, but may Ire black and opaque on account of a 
ferruginous coating. 

Hair-like forms (Irichites) sometimes occur, whilst various 
granular and fibrous grains of indefinite shajre and character are 
also known. 

In some cases minerals having the external form of another 
mineral which they have replaced in the rock from which the sand 
has been produced may occur. These are termed pseiidotnorphs. 
Quartz frequently replaces other minerals in rocks such as caleite, 
aragonite, siderite, gypsum, rock-salt, haematite, etc., and so may 
be found in sands having a different crystalline form to that which 
is usually associated with it, the silica having been brought into 
the rock in solution and replacing some other mineral whose 
crystalline form it has assumed. 

(2) Glassy or Vitreous Minerals.—Sands sometimes contain com¬ 
minuted or gtanular particles of “ glass,” particularly those of 
volcanic origin. This “ glass ” may include crystals or crystallites, 
or both, and may consist of several minerals fused into one homo¬ 
geneous sulrstnnee. This may lie variously coloured, but is 
generally black or dark green when particles of it are examined. 
Very thin sections are either nearly colourless or pale browii. 
Such “ glass ” may be recognised by being isotropic to polarised 
light; tW is to say, that at no position of the polariser is the light 



>\JIORPHOUS jnNERALS IN SANDS 171 

passing through the grains visible. The. various inelusinns whieh 
may be present are rendered rea<lily visible by polarised light. 

(3) Colloidal Minerals.—Substanees may Ik^ )>re,sent in sands 
in the form of a jelly-like or horn-like material which may be 
either in its natural state or hardened into a stony mass. Chalcedony 
is a typical example of this f(jrm. In some cases these materials 
may bo converted into the colloidal sol form, in which ease they 
will remain in snsixmsion in wat<'r f<u’*un indefinitely long ))ei'i<Ml. 
Most sands contain only a very small ix'rcentage of colloidal matter, 
but this is often of great technical and industrial importance. 
In agriculture, for example, the thin film of ‘colloidal matU’r sur¬ 
rounding the inert grains is the .storehouse of almost all the nutriment 
on w'hich the plants dc)S'nd for their cxisU-nce. The enormous 
technical imi)ortanc<^ of tlur apparently trifling proportions of 
colloidal matter in sands has not as yet Insm siifticicntly reali.scd. 

(4) Amorphous Minerals. Various substances may !»■ ])resent 
in sands as grains having no regular structun- or Kha|H‘, but occurring 
in irregular or indefiniU! forms such as granidcs, stains, or films. 

Some of the minerals found in sands, and ('specially (juartz, 
are very frccpientl.y found to contain inclusions of various kinds. 
The principal inclusions ar<(: (a) cavities filled by air or gas ; 
(6) cavities j)artially or compleb'ly filled with a licpiid ; (r) globuk's 
of glass; {(/) crystals; and (c) filaments or iiKh'linitely-shajx'd 
particles. 

Cavities which are either empty or lillcd with gas (usually 
nitrogen) are very common in some minerals ; they am usually 
of a spherical or elliptical shajie and ari' gciuu'idly very small, more 
than a million sometimes occurring in one cubic inch of material. 

Cavities containing a li(piid and having a curved, oval, or 
spherical shajre are quite common and appear under a microscojs* 
to have sharply-detincd black borders. In some (sises tluyy hav(! 
a definite geometrical form. When such (cavities occair in particles 
of quartz they are generally hexagonal in sha|M-. Thc.y vary in 
size from microscojnc dimensions to cavities readily visible with 
the naked eye, the latter Ixsing fairly (common in large (piartz 
crystals. These caviti(!s usually (sintain water, but |K>lassium 
or sodium chloride may be present as well as potassium, sodium, 
and calcium sulphates. Carlxm dioxide; may also Is; jeresent in 
solution. Such cavities are seldom completely filk.d with liquid ; 
they usually contain also a small bubble of air or gas. 

Fluid inclusions may occur disseminated through a crystal in an 
irregular maimer, or they may lx? arranged definitely along inb'r- 
secting planes, as in quartz, felspars, topaz, beryl, and other minerals. 

Cavities containing a pale greenish or brownish glass with 
several immobile bubbles often occur in crystals. They are usually 
aggregated in the centre of the. crystal or are arranged in zones, 
as in felspar, quartz, leucite, and otKer minerals. 

Crystals of various kinds often occur embedded in crystals 
of quartz, felspar, and other minerals ; they are generally arranged 
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in the centra of the crystal or in zones. Quartz crystals frequently 
enclose grains of such minerals as rutile, haematite, limonite, 
pyrites, chlorite, etc., molten quartz having solidified around these 
minerals in a cooling mass, or having crystallised around them 
from an aqueous solution. The enclosed crystals may be either 
perfi'ct or only fiartially formed. The minerals which most usually 
contain inclusions of this kind are leufite, garnet, augitc, horn¬ 
blende, (!alcit(!, fluorite, etc. A mineral enclosing other grains 
is usually bu ined a jierimorjih, whilst the enclo.sed grains are termed 
erulnmorplm. 

Filaments or streaks often occur in crystals. Thus mottled 
patdics o(S’ur in orthocla.se as a result of its partial decomjtosition 
with the formation of kaolin. Decomposed magnetite enclosed 
in minerals soim^timcs pwaluces brownish patchc^s or discolorations. 
Tufts and vermicules of some green ferruginous 'silicates also occur. 

Essential and Accessory Minerals.-—The minerals in sand may 
be divided into e.ssential and acce.ssory ones, and also into oi'iginal 
and .secondary minerals. Essential minerals are the most important 
constituents and those which, if absent, would greatly alter the 
character of the sand. Thus quartz is the commonest es,sential 
mineral in sands, as it is usually the most important constituent, 
and if removed would altog(dher alter the nature of the sand. 
The essential constituents of any sand are always ju-esemt in the 
rock from whidi the sand is derived. 

Accessory minerals may usually, though not always, be regarded 
as undesirable impurities. Tliey generally occur in small jwopor- 
tions disseminated through the sand, and are chiefly derived from 
the inqmrities or accessory minerals in the original rock, though 
other aec(\ssory minerals may 1 mi introduced during the transporta¬ 
tion of the sand from oiu! locality to another, or by the deposition 
of detritus from one locality amongst the particles of sand derived 
from another, or by the jx-rcolation of waters containing minerals 
in solution, which minerals eventually crystallise out amongst the 
grains of sand. The absence of such accessory substances would 
not, in most cases, adversely affect the nature of the sand and would 
usually, though not always, be an advantage. 

As most sands have Ix'en subjected to weathering, the accessory 
minerals in them are invariably those which have the greatest 
resistance to such influences; any readily decomposable accessory 
minerals in the original rock would soon be decomposed and removed, 
so that only the most resistant minerals would remain in the sand. 

Primary grains are, of course, those which have been derived 
from the disintegration of the original rock from which the sand 
was formed. Secondary minerals, on the other hand, are those 
which have l)een introduced into the sand some time after the 
disintegration of the original rock. Such additions may be due 
to transportation, the superposition of other minerals, or the per¬ 
colation of water through the bed. Calcareous, ferruginous, and 
carbonaceous matters are probably the commonest secondary 
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mincrMs, though many other substam’cs may oeeur. In some cases 
a mineral may b»^ both a primary and a secondary constituent. 
Thus grains of quartz may occur in the original sand, ■wliilst 
secondary quartz may Ik^ introdiussl by [sTcolating waters, some¬ 
times partly consolidating the loose sand inht a sandstoiu' or .sand- 
rocki and sometimes (Tystallising around the original grains. 

Sc'condary minerals imiv also Ih' produced by the alteration 
of some of the original constituents of*he sand with the formation 
of new minerals. Thus the mineral ihnenite may Ik- partially 
changed into leucoxene. Ferric oxide (hiu-matite) or magnetu^ 
iron oxule (magni-tite) may Ik- partially eonverl<-d into ferrous 
oxide or limonit(-; many other similar ehange.s may occur, the 
resultant products iK-ing .si-r-ondary mim-rals. 


.SILICA 


• Silica is the eommone.st constituent of the (-arth's crust. 
Aei-ording to F. \V. Clarki- it occurs to tlu- (-xtent of about tiO |K-r 
cent of tlu- total weight of tlu- rocks forming tlu- eru.st to a di-pth 
of about t('n miles. It is an es.sential eonstitiu-nt of many igneous 
rocks, es|)(-eially the acid plutonie rocks such as granite. It is an 
imtua tant constituent of many nu-tamoi phie ro(-ks such as gneiss, 
schists, et<-., and forms a very largt- proportion of tlu- liidk of 
.sedimentary r<«-k.s. In addition to this, it is oiu- of tlu- most 
resistant materials, and in its erystallitu- form, as ((uartz, is able 
to peisi.st through weatlu-ring actions exts-nding ovc-r an almost 
indefiniti- period of time, the only action which tak(-s place lu-ing 
the rounding of the eorm-rs due to nu-ehanieal abrasion. Con¬ 
sequently, silica in various forms is the eommoiu-st constituent 
of sands, many deposits eon.sisting almost wholly of silic^a. 

The silica ))resent in sands inehuh-s that which oe.-urs as frist 
quartz, or free silica in sonic other form, and also that which is 
combined with other .sulistunccs forming siliiaitcs and alumino¬ 
silicates, such as fclsjiars, mii-a. clays, i-tc. 

Free Silica occurs in various forms in Nature, some bi-ing 
amorphous, whilst others are truly crystalline. Table XXIV. 
shows the various forms in which silica may exist in tile free state: 

Tabi.k XXIV. Kokms of Sii.ica 


Stilt «•. 

Mlncriil Kfinii. | 

AMOKPHOt'8 . 

AmorphoiiH Hilicn . ! 


1 Quartz . j 

Cbystallink 

J Triilymite . ( 


1 Cristobalite . 1 

Cellular 

Cellular ailica . . j 


I grtaripilatcd silica. 

I .Silica glass. 
a-quHr 17 ., /t-quart'/.. 
a-tridyinito, /t-tridyniiU-, 
a-criKtol.alitc, /r-cristobalite. 
Uiutumaccous earth, etc. 
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Those forms which are deisignated by the Greek letter o are 
stable at ordinary temperatures and are most likely to occur in 
Nature, but where a rock has been suddenly cooled, the form 
designated by the Greek Icthir /f, which is stable at higher tempera¬ 
tures, may not have had sufficient time to revert to the form stable 
at low tcm[Kiratures, so that it may occur in Nature as well as the 
more stable « forms. ^ 

The nature of the various allotropic forma of silica is not 
thoroughly understood, though various theories have been put 
forward to explain them. The theory of W. and D. Asch suggests 
that the various forms of silica contain a different numbtw of 
atoms of silica to c^ach molecule, with the result that forms having 
different specific gravities are produced. As the specific gravities 
of tridymite and eristobalito arc leas than that of quartz, the two 
former, according to this theory, contain a smalldr number of atoms 
in their molecules. Whilst it is almost impossible to ascertain 
the molecular weight of any solid substance, it does seem certain 
that all forms of solid sili(!a must contain many more moleculfes 
than are re))resented by the formula SiOj, this Inung a minimum 
formula. If it wen; correct, silica, as analogous to carbon dioxide, 
would l)e a gas instead of an almost infusible solid. Some investiga¬ 
tions of Martin on organo-silica com|H)unds appear to show con¬ 
clusively that the ordinary laboratory form of preiapitated silica 
must be rcprescmhsl by at least six times the usual formula, and 
Martin’s ex|H;riment3 confirm the views of W. and I). A.s(h as to 
the hexagonal or ring arrangement as representing a minimum 
formula for this form of silica, which in this respect is analogous 
to Kckule’s famous benzene ring tlumry of the constitution of 
certain carbon (impounds. An investigation of the X-ray spectra 
of the various forms of silica would be of great value in this con¬ 
nection, though their interpretation is exceedingly difficult. 

The various forms of silica may very conveniently be re¬ 
garded as sugge.sted by W'. Ostwald as having different degrees 
of dispersion, ranging from the crystalline form, such as quartz, 
through chalcedony, hyalite, geyserite, and soft opal to a colloidal 
silica gel, the proportion of water in the material varying pro¬ 
gressively with the degree of dis|K!rsion. 

Amorphous StUca occurs in sands in various forms, the chief of 
which are jlink, o-pal, and geyserite, the last-mentioned usually 
occurring alone and not ns irregularly-disseminated particles in 
other sands. 

Flint is a fotm of precipitated amorphous silica produced by the 
deposition of silica around some nucleus, such as a minute shell-fish, 
^nge, or other organism, or around some inorganic substance^ 
By prolonged do]) 08 ition, irregular nodules of a grey or blaclr 
colour are produced, the size varying considerably. A large pro 
portion of Hints could not be clasn^d as sand at all, but the smallei 
fragments which occur in some sands may be included. They do 
not usually consist of perfectly pure silica, but contain about 
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5 per cent of impurities, chiefly organic matter and chalk, the 
carbonaceous matt(‘r present lieing the cause of their dark colour. 
Flints arh extremely hard and break with a conchoidal fracture. 
According to Roscik' and Schorlemmer, flint is an intimale mixture 
of amorjjhous silica and quartz or tridyiuitt'. 

Particles of flint are comparatively ran' in .sands, though there 
is a l)ed at the bast' of tlje Thanet sand containing a larg<' pro- 
)K>rtion of angular eliijrs, showing a niinutely granular structure 
under crossed nicols, and giving a dark colour to the sand ; in some 
places, particles of altered black flint occur. Flint is more fre- 
(piently found in recent sands than in those of (smsiderablo age. 

Chert, or hornstone, is an impure variety of flint formed by the 
depoaitiem of sponge spicules. It is truly amorphous, but in some 
ca.ses it appears aJmo.st as if it were crystalline. In colour the 
grains are grey, brown, or bla(k, and they have a flat rather than a 
conchoidal fracture. Chert is common in .sands of all ages and is 
a frequent s-onstituent of the Carbonih'rous rocks ; it also occurs 
in thc^ Ijcighton Buzzard and Huttons Ambo sands. 

('Imlcedony is an opaque variety of amorphous silica and is 
’ somewhat fibrous. This also, according to Itoscoe and Schorlemmer, 
is an intimate mixture of amor|)hous .silica and ipiartz or tridymite. 
lake flint it is generally formed around a nucleus of some foreign 
matter. It is very hard (7 according to Mohs' scale), has a s|)eciii(! 
gravity of 2 o.5-2 oS and a refractive index of about l-oA, which is 
rather lower than the refractive index of (piartz ; the birefringt'nce 
of chalcedony is also somewhat lower. In colour it varies from 
white to bluish-whiti' or brown. It (ontains combined water, 
which is evolved when it is heated to l(Kr-2tK)‘' the ('volution of 
steam often causing th(' fracture of the material. On further 
heating to about ()tK)° C. it changes into quartz and Anally into the 
lower 8|X'ciAe gravity forms of crystalline silica (cristohalite and 
tridymite). Tlmre are many varieties of chahk'dony, though most 
of them (lo not occur in suftic'iently small grains to Ih' (lasscid as 
sands. The chief varieties are carnelian, prone, nj/ufr. and onyr. 

Opal is a variety of hydrated silica similar to chalcedony and 
contains .o-lO per cent of water. It is considerably sofb'r than 
quartz, its hardness Ijcing only 1 ■9-2-3 on Mohs’ scale ; its sjM'cific 
gravity is only 2-2 and its refractive index 1-45. It is ojAically 
isotropic. Opal is produced by the deposition ;if silica from 
solution in water or by the hydration of anhydrous silica. 

Siliceous Sinter or (Jeyserite is a hjose, iwrous form of amorjrhous 
silica, produced by precipitation or evaporation frqm its solution 
in water. Isir^ (leposits of this material occur around hot springs 
in Iceland, Yellowstone Park, U.S.A., etc. 

* Other forms of hydrateci and amorphous silica which rarely 
occur in sand deposits include hydrophone, hyalite, menilite, float 
ptone, etc. 

Silica glass is an amorphous form of silica which is seldom or 
never found in sand deposits. The only known natural form of 
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thiH Hubstance is Leehatelierile. Am an artificially prepared material 
it is well known coinmorcially as quartz glass or fused quartz. 

Colloidal Nilica i.s amorphous silica and includes several varieties 
previously mentioned, such as flint, chalcedony, etc. Colloidal 
sili(!a may contain any proiiortion of water up to more than 90 per 
cent, those! forms which contain the least water being harder and 
denser, whilst those containing more wajter, such as siliceous sinter, 
may Ix' quite soft. On hoaxing any form of colloidal silica, water is 
lost, the presence of salts rendering the loss more rapid. The 
dehydrated silica cannot be! reehydrated again except with great 
eliificulty, and if it has been heated to rednc.ss its complete rc- 
hydree.tie)n is almejst impossible, on account of the hardne!ss of the 
material. Colloielal silica, as femnel in Nature, is chie!fly in the gel 
feerm, as the more elisjx'rsed sol form can only exist in the presence 
e)f felative!ly large; epiantitics eef water and is enily ree;ognise‘d with 
dillieiilty. 

Silie;a, when sufficiently finely divieleel, see tluit its particles are 
ultra-microse:o|)ic in size, assume's in the precsence eef water an 
e;leetre)-ne!gative charge em each particle, anel if there are no interfer¬ 
ing ceenelitieens, the minute partiedees of silieta will persist in a rapid 
tneetion which is only limited by the walls eef the ves.sel in which the 
material is e;emtained. As a particle; ejf silica in this aedive state 
ai)pre)!ie;hes aneethcr similarly chargeel, the twee partiede's will mutually 
repel eae;h other, so that their motiem is )K;rpetual se) long as other 
cemelitieens remain eeenstant. The motion eif the partiele;s may reeielily 
Ik; e>bserve!el by means eef an ultra-micrf).se;opic examination. 

Silica in tliis ce>lle)ielal sol form is exe;eedingly sensitive, and if 
any e;lectre)-poaitively charged particles arc adeleel, e.g. water which 
hits falle;n a cemsielerable dlsteince through the air in the form of 
rain, e)r veirieeeis seelutions of electrolytes, the particles of silica will 
coalesce and feerm a gelatinous precipitate ; this is the gel form of 
silica. If the gel is allowed to dry, or if it is heated, a homy form 
of silica is produced res(;mbling flint, but if the te;mfx;rature is still 
further increasf'd, a white; material is formed which is the ordinary 
“ calcined silica ” of the laboratory. Silica in the form of a 
colloidal gel is an important constituent of many rocks ; in some it 
produces veins or intrusions : in others it is of considerable import¬ 
ance as a binding agent, and many consolidated sands are bonded 
by this substaiice. 

Non-crystalline silica is more readily affected by weather than 
the crystalline varieties and is, consequently, more easily removed 
in .solution, soi that large raasst's of the amorphous varieties of silica- 
are of infrequent <iccurrenc‘c, though they do occur. 

Crystalline Silica occurs in sands chiefly as quartz, but also as 
tridymite and cristoballte, though the two latter occur only rarely."' 

Quartz is a crystalline variety of silica occurring in hexagonal 
or rhomboidal forms, the development of which depends on the 
situation in which they have been formed and the mode of forma¬ 
tion. In sands, perfect crystals seldom occur, as in most cases the 



FORMS OF SILICA IN SANDS 


177 


crystals have been impede<l in their formation by the juxtaposition 
of other crystals, so that ([uartz is generally found as irregular frag¬ 
ments having an internal crystalline structure, which may readily 
be seen by examining them in {xdariscd light. There is' also an 
absence of surfaces showing cleavage. When seen by reflected 
light, the grains are usually jutted and covered with small grooves. 
The fragments of (juartz iwt' seldom quite jmre and are generally 
made cloudy or even ojiaque by numerous enelosun^s (p. 171). 

Quartz lias a vitnaius lustre, a conclioidal fracture, and a hard¬ 
ness of 7 according to Mohs’ scale. Its sjH'cific gravity is alanit 
2-65. its index of ridraetion 1 •.'i.'iS, and its birefringence only O'tlOl). 

Other forms of (juartz may also sometimes occur in sands. 
The chief of tluwe are anutlij/xl, rose nuart'., niilh/ qwartz, smoky 
quartz, and arenturine. 

Quartz forms the main constituent of most sands, esjs’ciallv 
th. tse dcriv(*d from granite, gneiss, mica-schist, or .sandstone, which 
consist almcsi. entirely of quartz associated with a small amount of 
mica, fclsjmr. magnetite, rutile, zircon, garnet, and t(mrmalin(\ 

Tridymile was lirst discovered by fl. von Hath in trachyte and 
other volcanic rocks, in wdiich it (Ksmrs in hexagonal plates forming 
trins. Schuster and von Lasaulx have shown tliat tridymitc 
crystals are pseudo-hexagons, being formed by three sc'parntc 
orthorhombic jiortions giving ri.se to the ajijiearance of trins. 
Tridymitc occurs almost wholly in sands derived from the dis¬ 
integration of volcanic rocks such as traciiytcs and andesites. A 
fibrous form of tridymite containing 7 per cent of water i.s known us 
Ijiissatile. It has a sjas'ific gravity of 2-2S and a refractive index 
of 1-477. 

Crislobalite was also discovered by G. von Rath in the same 
rocks in which tridymitc was found, and has also la'cn observed, 
according to A. F. Rogers, in minute sjiherical aggregates in sjiheru- 
litic obsidian. It is a rare mineral, and is always associated with 
tridymite, laang seldom found in sands. It Ixdongs to th(! quad¬ 
ratic system, though trins arc common and cause the crystals to 
appear pseudo-cubic. It has a sjx'cilic gravity of 2-32 and a 
refractive index of 1 -484. 

The identification of the various crystalline forms of silica is 
difficult and requires the use of a a|X!cial form of rnicroscojie and 
considerable manipulative skill. Cristobalite and 'tridymite are 
distinguished from each other and from quartz by means of their 
crystalline structure, refractive indices, and sjxiciflc gravities, though 
the latter is only applicable to a limited extent. Quartz is found 
in irregular grains, whilst tridymite forms needic-shajx'd jirisms. 
The test may not apply in sands which have Ixscn much transported, 
as the grains may be altered in shajie by attrition. When examinetl 
by jxilariscd light, quartz may be discriminated from tridymite 
and cristobalite on account of its higher birefringence. Tridymite 
and cristobalite cannot, however, be sejiaratcd in this way, as the 
difference between them is t<K) slight. 
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It is also possible to distinguish quartz from trid 3 nnite and 
cristobalito by immersing the powder in a liquid of specific gravity 
2-40 (a mixture of bromoform and benzine being suitable), when 
the quartz will sink to the bottom whilst the other minerals remain 
suspended in the liquid. 

The most satisfactory manner of discriminating between the 
three forms of crystalline silica is by their refractive indices. In 
the method, suggested by A^' B. Dick and largely used by the author, 
a little of the material to be examined is immersed in an oil having 
a refractive index about the same as the sample, and the glass slip 
containing it is placed on the stage of a microscope and is illuminated 
by the use of a dark-ground illuminator, a yellow monochromatic 
light being used. Ji’ringes will then be seen round the fragments of 
the sample, and if the liquid and the sample have the same refrac¬ 
tive index, the fringes will have a deep ultramarine tint, whilst if 
the liquid has a higher refractive index the fringes will bo paler 
and brighter or even white. If, however, the liquid has a lower 
refractive index than the sample, red or orange fringes are protluced, 
those also becoming paler and brighter. Mercury-potassium iodide 
solution is very satisfactory for use in this test. For a yellow 
sodium light this solution should have a refractive index of 1-477, 
which is the refractive index of tridymite, so that cristobalite, 
which has a refractive index of 1 -484, can readily te distinguished 
in this liquid, the test Ixnng so delicat<; that, if the solution is 
properly prepared, error is practically impassible. 

Cellular Silica occurs in sands in the form of Mexelgiihr, Iripoli, 
and ranAftnile (see pp. !)fi and 165) and also ns sponge spicules. In 
most cases such cellular silica occurs as large beds, this form being 
the predominating constituent. It .seldom occurs as a minor 
constituent of sand beds, though at Chipstead traces of siliceous 
sponges do occur. 

Although silica is the principal constituent of most sands, all 
other minerals cannot be regarded as impurities, as, in some cases, 
they have a very beneficial action on the sand and may even be the 
principal constituent, silica being then regarded as an impurity. 

The constituents of sands, apart from free silica, may be 
classified as follows: 

(а) Silicatfes. 

(б) Alumino-silicates. 

(c) Iron compounds. 

(d) Calcium compounds. 

(e) Barium compounds. 

(/) Aluminium compounds. 

\g) Strontium compounds. 

(A) Tantalum compounds. 

(») Titanium compounds. 

(i) Thorium compounds. 

(k) Tungsten compounds. 


(1) Chromium compounds, 
(w) Tin compounds. 

(n) Zirconium-compounds. 

(o) Manganese compounds. 
{p} Phosphorus compounds 
(}) Metallic elements. 

(r) Non-metallic elements, 
(a) Rock fragments. 

(l) Shells. 

(m) Carbonaceous matter. 
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SILICATES 

The commonest silicates occurring in sands lielong to tlie groups 
named pyroxenes and amphibolcs. The jirincipal pi/roxenes are 
as follows: 

Enstatite is a magnesidm silicate occurring in stout prismatic 
crystals belonging to the orthorhombtc system, either colourless 
or of a grey, green, brown, or yellow colmir, and having a hardness 
of 5-5 and a specilic gravity of 3-1-3-3. It is derived ftfun inter¬ 
mediate and basic igneous rocks such as andesites, dolerites, and 
peridotitc*. Owing to its b<‘ing soft and readily (IceomiKisable it 
is only found in mom recent deposits, such as shore sands. 

Hypersthene is ,a silicate of iron and magnesium ocmirring in 
prismatic (orthorhombic) crystals of a brownish-green, gri-yish, 
grcenish-biack, brown, and sometimes n(!arly black colour. It has 
a hardness of li d and a sjxjcific gravity of 3-.'(. It is derived from 
basic igneous rocks such as dioriU's, and occurs also in |)yrox(!no 
granulitos, etc. Hyprwsthenc is a very common constituent of 
sands, especially those derived directly from igneous rocks. 

Auglte is a silicate of calcium, magnesium, iron, and aluminium 
octmrring in monoclinic crystals of a black or greenish-black colour, 
with a hardness of 5-0 and a s])('cilic gravity Is'twccn 3-2 and 3'5. 
It is derivrsl from basic, igneous rocks, including andesites, basalts, 
diorites, gabbro, etc. Augite is also a common constituent of 
sands, especially those derived directly by the denudation of 
igneous rocks. Other pyroxenes M hicb may occur in sands imdude 
bromite, diopsidc, diallage, aegerine, and imllanl/miti'. 

The following are the principal amphiholes likely to occur 
in sands: 

Hornblende consists of a silicate of calcium, magnesium, and 
iron, though silicates of aluminium, sodium, and potassium may 
be present. It forms black or grwaiish monoclinic crystals having 
a hardness of 5-0 and a specific gravity of 3 0-3-47. It is derived 
chiefly from acid and intermediate rocks such as granites, syenites, 
diorites, etc., and occurs largely in gneisses and schists, sometimes 
forming the bulk of the rock. Hornblende is common in rocks 
produced by the disintegration of igneous rocks. ^If present in 
sufficient quantities, it may give the sand a dark colour which is 
accentuated when it is heated. 

Hornblende acts as a flux in the same way as other sodium and 
potassium compounds, and reduces the rcfractorinctlk of the sand 
in which it occurs. 

Olaucophane is a silicate of sodium, aluminium, iron, and 
magnesium, of a bluish colour, having a hardness of 6-6-6 and a 
specific gravity of 3-0-3-1. It is deriv^ chiefly from schists, where 
it occurs as a product of roetamorphism. Glaucophane occurs in 
some shore sands, as at lie de Uroix, Brittany, and in other 
localities. 
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Other atnjihiboles, which are less frequently found, fnclude 
arUhophyllite, tremoUte, and aclinolUe. 

Amphiboles do not occur to any great extent in the older sands, 
where they are usually altered to chlorite and other secondary 
products. They are, however, abundant in the Drift of Suffolk 
and in th(! Bunter teds of tlie Midlands. They also occur to some 
extont in tlu' Bagshot beds, the Reading teds, the Thanet sand, 
the Wealden beds, and the Bunter beds of Ireland. 

Amongst the other silicates which may occur in sands are the 
following: 

Olivine forms a group of minerals consisting of a silicate of 
magnesium and iron of variable composition forming green, 
browni.sh, or l)lacki.sh prismatic crystals (orthorhombic), having 
a hardness t)f (5-7 and a specific gravity of 3-0-4-2. It is principally 
deriv(!d from basic igneous rocks in which if! is sometimes the 
predominating constituent. It is, however, readily decomposed, 
and so docs not occur widely in sand deposits, beeauIf(^ in those 
which have been subjec^ted to much transportation or weathering, 
the more easily decomposable minerals have been removed. 
Olivine sometimes occurs in recent .sands, such as tho.s(! composing 
the dunes of Holland, where they have Ixicn noted by Rxdgers. 
It is also found in de.sert sands, such as the Sahara, whei’e it has 
not Ix’on exposed to the same decomposing agencies as marine 
sands and others formed by aqueous action. On tht^ coast of 
Oahu in the Hawaiian Islands, a sand occurs consisting almost 
entirely of olivine and magnetite. It has been pnxlneed by the 
destruction of a basaltic lava, resulting in rounded angidar grains 
of the above-mentioned minenils, the smaller grains being more 
angular than the larger ones. 

Serpentine is a hydrated magnc.sium silicate which occurs as 
green, yellow, red, brown, or almost black monoelinie crystals, 
frequently spotted and veined with various colours. It is very 
soft, having a hardness of only 3-4 and a specific gravity of 2-5-2-6. 
It is derived from the weathering of olivine, pyroxene, and amphibole 
rocks. It is easily decomposed and does not occur to any great 
extent in sands. It sometimes occurs as a result of the decomposi¬ 
tion of olivine. 

Glauconite is an amorphous, granular, or earthy material con¬ 
sisting of a hydrated alumino-silieate of magnesium, and calcium. 
It varies in colour from yellowish-green to greyish-brown or 
blackish-giwn. It is very soft and has a hardness of only about 2 
and a specific'gravity of 2-2-2-4. 

Glauconite, is of very variable composition. It contains 
46-48 per cent of silica, 3-10 per cent of alumina, 0-22 per cent of 
ferric oxide, 3-22 per cent of ferrous oxide, 0-6 per cent of magnesia, 
0-2-6 TCr cent of lime, 4-5-9 per cent of potash, and 6-5-14-7 per 
cent of water. 

Glauconite grains are very frequently found in internal casts 
of foraminiferae or other marine organisms, the mineral having 
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segregated in the interior of these shells and so taken their shape. 
It is also found coating thests organisms. 

Glauconite is almost entirely eonlined to marine deposits, in 
which it appears to Ix^ formed, according to Murray and Phiii|ipi, 
by the action of marine bacUtria. It is very common in shallow 
water sediments, though it also occurs abundantly in moderately 
deep water. It is in all iwobability derived from th(> decomjswition 
of potash felspars and potash micas, 'fhoiigh it occurs to a limited 
extent in many formations from the Cambrian laals upwards, it 
is most abundant in the Gremisand la'ds and in the green muds 
of Agulhas Bank, South .\fricn. It is most abiindant in tin* Upjs'r 
and Lower Greensands of Kngland, and in the north-east of Irt'land 
it occurs in sandy Iwcls as recent as the Ijower and Middle Chalk. 
It is generally associated with phosphati(! nodules. It also oe<'Ui's 
to some extent in the Bagshot sands. Blackln'alh Is-ds, Itemling 
beds. Thanct sand, Wealden beds, and the Inferior (tolite. 

Glaueocite acts as a tlux on account of the )Kitassium it <?ontains 
and reduces the refractorine.ss of the sanil. For this reason, sands 
containing glauconih^ cannot Iw ns(‘d for refractory pur)to.ses, but 
the potash they contain may la* snflicient to render them valuable 
as fertilisers. The iron content of glaiiconih? causes it to jiri’vent 
the sands in which it occurs from being used for such purposes 
as gla.ss-making. 

Various anhydrous aluminium silicates are found in sands, the 
following Ixdng the chief: 

Andalusite (AljO,. SiOj) occurs as grey or reddish orthorhombic 
crystals, having a hardness of about T ii and a s|K!ciiic gravity of 
3-i-3-3. It is chiefly derivtsl from mctamorphii^ clay rocks, but 
may be also derived from some granites. 

Andalusite is not a very stable mineral and is readily decomposed, 
so that it d<H>s not occur to any great extent in the older sands. 
In Tertiary and Recent beds it is of more freijuent o<a'urrenci>. 
Perfect crystals of andalusite have been found, aceonling to Davies, 
in the Bagshot sands of Brentwood, the Woolwich and Ihauling 
beds of Plumstead and Northwood, the. Thanet sand at (h-ayford, 
the Folkestone heals of Dunton Green, Ijmpsfield, and Kedgate, 
and the Wealden ironsands of .Shotover Hill. It also occurs in 
the shore sands of Brittany. 

When heated, andalusite is converted first into kyanite an<l then 
into sillimanitc, the last reaction occurring, according to Vernadsky, 
at 1380° C. 

Kytuilte has the same chemical composition as andalusite, but 
forms triclinic crystals of a bluish-grey, gewn, and sometimes 
blackish colour, with a hardness from 4-7 and a specific gravity 
from 3-6-3-7. It is derived principally from gneiss, schiste, and 
other mctamorphic rocks. 

Kyanite is a very stable mineral and is not readily decomj) 08 ed, 
so that it is a very common constituent of sands of Gretaoeous 
and more recent ages. 
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SUllmanlte m also an aluminium silicate occurring as brown, 
rey, or green orthorhombic crystals, with a hardness of 6-7 and 
specific gravity of 3-23. It is derived from felspathic gneisses, 
schists, etc. 

Sillimanite is of somewhat rare occurrence and is not found 
to any great extent in British sands. 

Topaz is a sr)mewhat rare aluminium pilicate containing fluorine, 
which occurs as white, yellow, grey, blue, or pink grains belonging 
to the orthorhombic system. It has a hardness of 8 and a specific 
gravity of 3-56. It is derived from many igneous rocks, including 
granites, rhyolites, etc., and is found chiefly in gem sands, especially 
in Brazil. 

Staurollte is a silicate of iron and aluminium, occurring as 
reddish, brownish, nr blackish orthorhombic crystals, having a 
hardness of 7-7-5 and a specific gravity of 3-7. ' It is derived from 
schists and gneisses, in which it occurs as a product of mctamorplusm. 
It is a very stable mineral and is a common constituent of sands 
of all ages, but is especially common in the Blackheath beds, the 
Thanet sand, the Lower Greensand, the Upper Estuarine sands, 
the Inferior Oolite, the Kcuper Waterstones, and the Bunter Iwds. 

Alumino-Silicates 

There are many varieties of alumino-silicates which may occur 
as constituents of sands, the principal being the clays and allied 
minerals, including felspars and micas. 

Clays are hydrous alumino-silicates which occur to a var 3 dng 
extent in association with sands. The number of different days 
which may occur is very largo and a detailed classification of them 
is practically impossible. It is generally agreed that the chief 
constituent is a hydrogen aluinino-silicato corresponding to 
HiAljSijOj, and composed of about 46 per cent of silica, 39 per 
cent.of alumina, and 14 per cent water, for which the name “ clay 
substance ” aboriginally proposed by Seger is convenient. Recent 
researches have indicated that a number of different alumino¬ 
silicates may form different kinds of clay, but for the purposes 
of the present volume they need not be differentiated. Clay 
substance never occurs in a perfectly pure state in association 
with sand, but- contains various impurities, such as alkalies in the 
form of mica, felspar, etc., and iron compounds, the proportior 
of "which varies considerably. Some clays may be almost pure 
white, whilst others may be a deep red on account of the propo^Oi 
of iron compounds present. Carbonaceous matter may also ocom 
and dve the clay a dark colour. 

'file nature and properties of clays are subjects far too extensive 
to be ddhlt with in detail in the present volume, and readers requiring 
farther information should refer to the author’s book on Britith 
Claw, Shtles, and Sands (Griffin). 

, ; l%e proportion of clay in a sand depends on the mode of 
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formation. Where a rock has disintegrated into clay and 
sand, as in the case of china clay rock, and has not been transported, 
almost the whole of the clay remains in the sand. Where sands 
have been removed from place to place by wind, water, etc., the 
clay is generally separated from the sand (at least to a large extent) 
on account of its finer graims and greater suspj'nsibility in water. 
River sands are usually fairly free from clay ; estuarine, lacustrine, 
end marine sands may contivin largo ])t*}x)rtinna of clay. 

The effect of clay upon sand is noticeable in various ways: 

1. On account of its binding jHiwer, sands containing I'lay are 
more or le.s8 coherent. The extent to whi<'h they are bound 
together, depends on the proportion of clay present. This pro¬ 
perty is valuable for foundry-work, et»!., where sands re(pnre to 
be coherent to fe.rm a mould, hut for building purposes, glass- 
making, etc., where a loose incoherent sand is rcfiuired, clay is not 
desirable. 

2. t;iay.< intrcsluee alumina into the sand ; this may or may 
not be de.sirable. Th>is, for making some kinds of glass, alumina 
is valuable, as it increases the strength of tlu' glass. In other 
glasses, particularly optical glass, it is undesirable (sw^ Vol. 11., 
Chapter XII.). In making carl)orun<lum, alumina is undesirable 
(see Vol. II., Chapter X.). Thus, th(^ desirability or otherwise of 
clay de{)ends on the purpose for which the sand is to be used. 

3. t3ay tends to introduce impurities such as alkalies, iron 
compounds, etc., into the sand. This may not Ix^ important for 
some purposes, but in others, such as for glasa-making, chemical 
manufacture, etc., it is very drdrimcntal and clayey sands must be 
avoided. 

4. On account of the smallne.ss of the grains of clay, thcs(! tend 
to till up the interstiees between the larger grains of sand, so 
producing a less porous moss. This is not harmful in many cases, 
but where a porous or permeable sand is reqnirerl, or where an 
excess of fine particles is undesirable, as in concrete sands, glass 
sands, filtration sands, etc., the presence of clay is deleterious. 

The effect of clay in sands UB«‘d for s])eeial purposes is dealt 
with in greater detail in Vol. II. 

Several minerals similar to clay may occur in sands, though 
usually they are present only in minute quantities. Among these; 

Hattoyaite (AlgOj . 2Si02.3HjO) consists of soft bluish-white, 
green, or grey crystals of amorphous material having a specific 
gravity of 1-9-21. 

CMyrite (AljO, . SiOj . 9H,0) consists of a dirty .white powdery 
material. 

AUophant (AljOg. SiOj. 6H,0) is a blue or bluish-green 
mineral and is harder than collyrite. 

Nacrite consists of white flaky rhombic crystals. 

Lithomarge consists of minute white or cream-coloured rhombic 
of variable composition. 

yrophymu (A1,0, . 48iOg. nU,0) consists of rhombic crystab. 
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Montnwrilhnile (AljOj. 4Si0j. HjO) is soft and of a pinkish 
colour. 

Kaolin or China Clay is a hydrated aluniiniuni silicate or 
alumino-silicate (AljOg . 2Si0jj. 2 H 2 O) which may occur os white, 
grey, 01 yellowish monoclinic crystals of kaolinite, having a hardness 
of 20-2-5 and a specific gravity of 2-6, or as an apparently^ anior- 
phous material, having the same chemiwi composition, but devoid 
of crystalline structure, ft is produced by the weathering of 
granite (p. Ki), and occurs in sands in varying proportions according 
to the amount of transportation to which they have been subjected. 

Felspar is a term applied to a group of alumino-silicates con¬ 
taining one or more basic oxides, the various members being usually 
designated by the principal base present, such as potash felspar. 
The principal felspars are: 

Ortlioclase, which is a potash felspar occurring as white, grey, 
or pinkish monoclinic crystals, having a hardnc.ss of (i and a sjx:cihc 
gravity of 2-57. It is derived chiefly from acid igneous rocsks, 
such as granites, syenites, etc. 

Mierocline is a potash felspar occurring as greyish, greenish, 
or pinkish trielinie crystals, with a hardness of ()-(5-.5 and a specific 
gravity of 2'.55. Like orthoclase, it is derived from acid igneous 
rocks, [tarticulariy granites. 

Albile-anorthite felspars form a scries grading from a pure 
sodium felspar (albite) to a pure cahaum felspar (anorthite) with 
various intermediate mixtures, designated under the general term 
plagioclase felspar. They are icsually white, grey, or greenish 
triclinic crystals, with sometimes a pinkish tinge, having a hardness 
from 5-6-5 and a specific gravity of 2 ()-2-75. They arc derived 
from all types of igneous roeks, the calcium felspars being commoner 
in basic rixiks, whilst the sodium felspars arc usually found in acid 
rocks. 

Felspar is a common constituent of sands, but is frequently 
corroded or clouded, as it is attacked to some extent by carbonated 
water, which results in the loss of some of the alkali and the forming 
of other alumino-silicates and free quartz. Fresh felspar is more 
common in deposits of terrestrial origin, such as wind-blown sands, 
in which the grains of felspar are often quite transparent. 

The gradual disappearance of felspar in sands is well shown by 
the following figures, due to Dr. Mackie, of the percentages of 
felspar in the sands of the river Findhorn (Scotland) from its 
source to the sea; 

At Ofitsio Bridge.42 per cent 

At Logie Bridges . . . . 21 „ 

Between Forres and tiio sen . . .21 „ 

A high percentage of felspar indicates that the sand has under- 

* Sir W. H. Bragg has found, from an examination of its X-ray spectrum, 
that oliina clay is crystallme though the crystals arc too small to be observed 
under the microscope. 
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cone little transportation by rivers and has Ixjcn subject to very 
little action by water. 

Table XXV., due to Maekie, shows the piTccntage of felspar in 
sands derived from different .sources. 


Tabi.k XXV.- Kki.spai' in .Sands 
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28 
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Upper Olfl lied SandKtuni' (CaltMlunian) . 
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The felspars are among the most fusil)k^ compounds of silica ; 
this is due to their containing a large ])roportion of calcium, smiium, 
or potassium in combination with the alumina and silica. In l.lio 
results of a chemical analysis, the sodium ami potassium comfiounds 
are ofttn (xpressed as alkaliei*, a U-rm which is umicsirabh* as 
it gives no indication of the rcsjxictivc |u' 0 |)ortions in which the 
sodium and potassium may occur. 

On account of their fusibility, the action of felspars in sands 
is to reduce the rcfraetoriiic.ss of the sand as a wliolc. Potash 
felspar fuses at a tcm])crat\irc of I2<J<)‘’ ('.. and the molten mattrial 
flows rapidly through the interstici's of the sand, so that as soon 
as a snificient ((iiantity of fii.sed matter is produced tlit! sand loses 
its resistance to heat. The action of potash. how-cv(T. is in this 
respect slow compared with that of lime in similar compounds. 

The effect of ortho( la.«c felspar on quartz when mixtim^s of 
both are heated is shown in Table XXVI., due to R. Rickc. 

Tablk XXVI.— Fosibiutv or Orthoclase-ocartz .Mixtcbe.s 


OrtliocloFe. 1 

Quarts. i 
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10(1 1 

i 
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7.'» i 
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i 
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For refractory purposes, a sand containing grains of felspar 
is less objectionable than one containing flakes of mica, as the former 
are less rapid in their action, there being less surface to the grains 
in proportion to their bulk. 
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Mica i8 a term which includes a number of minerals consisting 
principally of silicates of aluminium, potassium, and hydrogen, 
together with iron, magnesium, sodium, and lithium. Micas 
crystallise in the raonoclinic system and may be divided into two 
classes : the muscovite micas and the biotite micas. 

Muscovite consists of white, yellow, green, brown, or blackish 
flakes having a hardness of 2-2-6 and„a specific gravity of 2‘-86" 
It is derived principally frojn acid igneous rocks, especially granites. 
Muscovite may be observed in sands as white glistening flakes 
or frost-like j)articles, very small proportions of mica being readily 
recognisable in this way. This variety of mica is usually abundant 
in sands formed by aqueous action, though very curiously it is 
absent in desert sands, probably because the thin light flakes are 
easily carried away by wind and, consequently, are removed from 
the main dejKwit. In water, however, this separation does not 
take place to the same extent, so that the mica in water is not 
removed from the other minerals, but tends to accumulate in layers, 
as, in comparatively still water, the particles of quartz and mica 
are deposited at different rates owing to the fact that the mica 
grains, being thin and flat, are more buoyant than the more granular 
quartz grains. 

Lepidolite resembles muscovite, but contains lithium and 
fluorine ; it forms white, grey, lilac, or rose-red crystals, with a 
hardness of 2-5-4 and a sjiecific gravity of 2-8-2-9. it is derived 
largely from metamorphic rocks, such ns pegmatites. 

Sericite is very similar to muscovite and is sometimes regarded 
as an aggregated form of muscovite, though it is also thought 
to be alteration-product of felspar. It is es{)ecially common in 
Carboniferous and older rocks. 

Biotite occurs as black or dark-green crystals of variable 
composition, with a hardness of 2-5-.3 and a specific gravity of 
2-7-3-1. It is derived from all kinds of igneous rocks and their 
volcanic equivalents, and also occurs abundantly in metamorphic 
rocks. 

Biotite mica occurs only rarely in sands, as it decomposes on 
weathering, forming chlorite and limonite, but it is found in some 
sands which have not been seriously affected by weatheriim. It 
occurs to some extent in the Beading beds, Thanet sand. Upper 
Greensand (it.is absent from the Lower Greensand), the Bunter 
beds of the Midlands, the Lower Permian of Yorkshire, the Coal 
Measures of Northumberland, and the Millstone Grit of Yorkshire. 

PUbgopiteps similar to biotite, but is colourless, white, brown, 
or red in colour. 

Mica in any of its forms reduces the refractoriness of sands 
in whiph it occurs, but its action is not usually appreciable much 
below^a temperature of about 1200° C., and it is, like felspar, a 
comparatively slow flux. The effect of mica on the refractoritem 
of sinca is shown in Table XXVII., due to B. Rieke. 



ALUMINO;SIUCATES IN SANDS un 


Table XXVII.— Fdsibiuty or Mica-quartz Mixtures* 


Quartz. 

Mica. 

Point. 

Per cent. 

Vk'T (.fJit. 

* C. 

100 


1700 

00 

. io 

1710 

80 

20 , 

ib;io 

70 

'M) 

) l.WO 

BO 

40 

1520 

50 • 

50 

- 1550 

40 

00 

- 1550 

ao 

70 

1550-1580 

20 

KO 

1010 

le 

00 

1410 


100 

15H0 


The iron content of mica in sometime,s oltjc'ctionaltlo where a 
pure sand is required, a-s in glass-making, as the iron eom|>ounds 
on heating discolour the fused mass. Biotitc mica is particularly 
objectionable in this rc.s()ect, as, iK-ing dark, its ('fleet is more 
pronounced. 

Other alumino-silicates which may occur in sands include the 
following: 

Tourmaline is a borosilicata of aluminium, which occurs g(Uierally 
as black or bluc-black hexagonal crystals, with a hardness of 
7-7-5 and a spcciRc gravity of 2-08-3-2. ft is derived jiartly from 
acid igneous rocks and also from metamorphic rocks such as schists, 
crystalline limestones, etc. Tourmaliiu; is a very .stable mineral 
and is a frequent constituent of sands of all ages. 

Beryl is a silicate of beryllium and aluminium, occurring os 
pale green, blue, yellow, or white hexagonal crystals, with a hardness 
of 7-5-8 and a aptmific gravity of 2-7. It is derived from ae-id 
imeous rocks, metamorphic schists, and crystalline limestones. 
Beryl is found chiefly in placer deposits along with other gem 
stones and a Targe proportion of heavy minerals. 

Chlorite is a term used to designate a number of hydrous alumino¬ 
silicates containing iron and magnesium, which'form soft greenish 
hexagonal flakes with a hardness of about 1-5 and a specific gravity 
of 2-6-2-8. It is a metamorphic product derived from the alteration 
of biotite, hornblende, etc., and occurs largely in schists. Chlorite 
is a readily decomposable mineral and so does not occur to any great 
extent in sands, except as the result of the decomposition of other 
minerals. It has been found to some extent in the Inferior Oolite 
beds and in the Millstone Grit of Wales. 

Epldote is a term used to designate a number of alumino- 
sili^tes containing iron, calcium, and hydrogen and sometimes 
nuii^nese, cerium, etc. They are usually greenish or brownish 

The plus men indicates that the (using point is slightly nhovc, and th%; 
roiwus sign that n is slightly below, the figure stated. 
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in colour and form monoclinic crystals, having a hardness of 
6-7 and a 8|K!cific gravity of 3-25-3-5. It is derived chiefly 
from gneiss and schists which have been formed from igneous 
rocks rich in lime. Some varieties may also be derived from 
granites. 

Kpidotc is not found tb any great extent in sands older than 
Tertiary age.. It is abundant in the Drift of Suffolk and occurs 
to some extent in the Ba^shot sands, Blackhcath beds. Heading 
beds, Thanet sand, the UpiKsr Greensand, and also in the Lower 
Permian beds of Yorkshire. It has also been found in the dune 
sands of Holland by Ketgers. In some sands it occurs as the result 
of the decomposition of other minerals. 

Zuisile is a variety of cpidote derived from mctamorphic rocks. 

Cordierlte is an alumino-silicate containing iron, magnesium, 
and water, which occurs as bluish, orthorhoinbic crystals having 
a hardness of 7-7-5 and a si)ecifie gravity of 2'6-2-7. It is derived 
chiefly from mctamorphi(! gneisst's, schists, et(!., but it may also 
1 k! derived from some igneous rocks, including basalts and granites. 
Owing to its readily decomposable nature it is not found to any 
gri^at extent in the older sands, but occurs more frequently in 
Tertiary and Hecent sands. 

Garnet is a term used to designate a number of alumino-silicates, 
containing lime, magnesia, iron, manganese, and chromium, which 
occur in rhombohedral or trapezohodral crystals of various colours, 
including yellow, gnen, brown, rod, and blac^k. Thi'y have a 
hardness of f)-5-7’5 and a .sjjecific gravity of 3'.'5-4'2. The varieties 
of garnet are de.scribed on p. 111. Garnets are derived from 
various igneous rocks, including granite and syenite ; they also 
occur in motamorj>hic schists, gneisses and crystalline limestones, 
and dolomites. 

Garnet is a very stable mineral and is not easily decomposed, 
so that it is a (annmon constituent of sands of all ages. It is 
particularly common in sands between the Juriussic and Pliocene 
periods. 

Ibon Compotjnixs 

No natural sands are entirely free from iron compounds, and 
even the moat stringent attempts at purification do not succeed 
in completelyreraoving all the iron present. The chief compounds 
of iron occurring in sands are the oxides, carbonates, and sulphides, 
and various complex minerals containing iron as an essential 
constituent, such as glauconite, ilmenite, etc. These compounds 
are derived from decomposed ferruginous rocks, either by direct 
admixture or by the compounds being dissolved by organic acids, 
the solution penetrating into the sand and being decomposed 
later. 

In the analysis of a sand it is customary to report the^on 
^compounds as though they wore ail present as the red o^de 
'(Fe,0]), no distinction being made as to the forms in which the mn 
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is actually present; yet in many sands the pro]K)rtion of ferric 
oxide is (juite small, the iron being pri'scnt in other forms. 

Iron comjKiimds may occur in sand in three forms: 

(o) As a thin film coating the grains of other mim'rals ; 

(6) In minute particles dis-seminated fairly uniformly through 

• the sand ; 

(c) As larger particles Scattered irn^ularly amongst the grains 
of other minerals. 

Magnetite (Fe 304 ) is a black oxide of iron which occurs in cubic 
crystals, with a hardness of o o-b o and a s|H'citlc gravity of 
It is highly maguctie and can usually be removcil ((uib’ easily by 
means of a magnet. Magnctit'C is one of the comnione.st heavy 
minerals in sancls and is fo\md in jaactically all iletritiil sediments. 
In some ea-si's, it is partially oxidisisl to limonitc-. 

In some sanils the magnetite h.as Iss-n conccntraUsl by wabT 
action, forming large di’posits c(mtaining but little of otln-r 
minerals, as, for <‘xample, the black sands of tlui St. Lawrence 
river. Canada (p. 122). 

Haematite (I'V.Oj) is a red oxide of iron occurring as stei'l-giaty, 
iron-black, or rcdtlish hexagonal crystals, or as amorphous grains 
having a hardne.ss of S o-ii 5 and a s|)ceifii^ gravity of t ri-b li. It 
is abundant in the Isjwer I’ermian laals of Yorkshire and in some 
Northam|)ton sands. 

Limonite is a bydrateil iron oxide, consisting of yellow or 
brownish amorphous grains, having a hardm^ss of 5-r) r> and a 
sjHwitie gravity of ;j (i-4 0. It is formisl by the weathering of iron¬ 
bearing minerals atnl also by d(!)(osition from solutions of iron in 
water. Bog iron-ore and lake iron-ore are limonite beds. Brown 
iron-ores arc worked in Northam|)tonshir(?, the north of Sftain, 
Luxembourg, and Western (Icrmany. 

So far as .sands are concerned, limonite is chiefly of interest as 
being the form in which iron is usually present. It is soluble in 
hydrochloric acid and is volatili.s(al by heating with salt to a bright 
red heat, but thesr; nudhcsls are too costly to enable them to Is; 
applied to the elimination of limonite from most sands. Limonite 
is common in the Thanet sand, the I'pjwr Greensand, and the 
Kcllaways beds. Limonite may also occur as ochre, this material 
sometimes forming the bulk of th(^ material, as in tim liower Green¬ 
sand of Shotover Hill, Oxford, and also as itmher, which is a brownish 
ferruginous earth containing .silica, iron oxide, and mangancsi! 
oxide, the latter sometimes lieing the predominatingtconstitucnt. 

Other iron comitounds which occur only rarely in sand deiswits 
include pyrites, marcasile, pyrrholine, chalyhite, and wwoaite. 

Many other substances containing iron in varying proportions 
occur in sands, including homhlerde., hyperslhene, augile, gtauco- 
phane, olivine, glauconite, etc.; they have the same effect as richer 
iron compounds, if they are present in sufficient quantities. 
Usually, however, only very small proportions are present. 
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The ehief effect of iron compounds in sanda is to reduce their 
refractoriness and to cause them to be brownish in colour. The 
intensity of the colour produced by iron is not a reliable indication 
of the amount present, as much depends on the fineness of the sand 
and on the nature of the iron compounds contained therein, whilst 
the presence of other substances may partially or wholly mask ,the 
colour of the iron compounds. Whens the iron is disseminated 
uniformly through the sancf cither in small grains or as a film over 
the other particles, the colour is much more pronounced than when 
larger grains are scattered irregularly through the mass. These 
latter can bo separated much more readily than the smaller 
grains. 

Where iron compounds are present in the ferrous state, the 
colour of the sand may not be griiatly altercsd, as the ferrous com¬ 
pounds are greenish rather than brown, and are not so conspicuous, 
but on heating the sand to redness in a current of air the ferrous 
compoun(is are oxidised to ferric compounds, and produce the 
characteristic brown colour. 

Perrous compounds and magnetite are most objectionable in 
sands, as, when heated, they combine readily with silica and any 
alumino-silicates which may be present, forming fusible compounds 
which reduce the refractoriness of the sand. 

Red ferric oxide is almost infusible if heated in an oxidising 
atmosphere, so that its presence in a refractory sand is not so 
serious as the presence of fcrrotis compounds and magnetite, but 
if it is heated in a reducing atmosphere, it may be reduced either 
to magnetite or ferrous oxide, and so may Ix! eciually as harmful 
as when those compounds are pre.sent nattirally in the sand. 

Generally 8|xfaking, if iron compounds in sands are heated 
exclusively under oxidising conditions, their effect on the fusibility 
of a sand will be very slight. If, on the contrary, a reducing 
medium is present, the iron compounds will bo correspondingly 
reduced and will act as jwwcrful fluxes. 


Caujhtm Compounds 

Calcium compounds occur in sands in various forms, the following 
being the chief: 

Calotte is a carbonate of calcium which occurs as white, grey, 
or tinted hexagonal crystals, having a hardness of 3 and a specific 
gravity of 2-71. It may occur in crystalline form or it may form 
a tufa or calcareous sinter. 

Calcite (often with dolomite) frequently occurs in sands derived 
from the Glacial Drift. It has also b^n found in some dune 
sands. 

Aragonite has the same chemical composition as calcite, but 
crystallises in the orthorhombic system, forming white, grey, 
yellowish-green, or violet crystals, having a hardness of 3-6-4 and 
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a specific gravity of 2 ■94. Aragonite forms the greater proportion 
of many coral and shell sands. 

Gypsum is a hydrous calcium sulphate, occurring in colourless 
white, grey, yellowish, or reddish grains of munoclini<! crystals, 
having a hardness of 1 -5-2 and a s|K!cific gravity of 2’3. Anhyilrile 
is an anhydrous form of gypsum oocurHug as white, grey, bluish, 
or reddish orthorhombic crystals. 

Fluorspar is a calcium fluoride ; it t)ccur8 in colourless, white, 
green, purple, yellow, or blue cubic crystids, with a hardness of 
4 and a s|)ecific gravity of 3’0-3’25. It is derived chiefly from 
mineral veins, in which it occurs as a gangue mineral. 

Felspars and micas, us well ils other alumino-silientes, may 
also contain lime compounds, and although the jiroportion present 
may Iki less than ir)-2(l j)er cent, the effect of this ))roportion may 
be sewious, so that' the.se minerals should also Ik' considered to 
some extent as lime eom|M)un<ls, as their principal effeert on sands 
depemds on the amount of this jiartieidar flux wkieh they contain. 

Oaleium compounds fivi|uently occur in glacial sands as. a 
result of the breaking u|i and powdering of limestone tiloeks by 
the action of ice. 

When the calcium carbonate has Imm-ii brought into the sanclg 
by p(Tcolating water, it may form a lilm or coaling over the (jiiarts! 
and oth(w grains pre.sent. This may Im^ distinguished by the fact 
that it etfervesees when treated with hydroehlorie acid. 

The effects of lime comjiounds on sands are very varied : 

1. If the sand is to Ite used in the manufacture of bricks which 
are burned in a kiln, the lime eom|)ounds may Is! converted into 
quicklime during the firing, and Vvhen the goials are later ex|)osed 
to moisture, they will probably crack, or at any rate, the lime 
will slake and may fall out (“ blow "), leaving a cavity eorro- 
sponding to the size of the mass of free lime. For this reason, 
the presence of lime compounds in such sands is undesirable, and 
if present at all, must be in such a fine state of division that they 
will not do any harm, should they Ije converted into (|uiekiinie 
and afterwards slaked. Lime compounds may l)e removed from 
sand by washing, unless the particles are very small, 

2. Lime compounds react with silica at very low ti'iiiperaturos, 
forming calcium orthosilicate or (calcium metasilicate, the latter 
being generally formed in the presence of a large eXcoss of silica. 
According to J. W. Cobb, the reactions take place below the melt¬ 
ing points of both lime and silica and may be completed at almost 
any temperature between 800° and 1400° C. Table XXVIII., 
due to R. Rieke, shows the effect of lime on the refractoriness 
of silica in the form of fine quartz sand. 

When free alumina is present in the sand, the lime and the 
alumina unite at a temperature of 850°-900° C. and more rapidly 
at 1100°-1300° C., forming a calcium aluminate. Ternary com¬ 
pounds or alumino-silicates may also be formed by the interaction 
of lime, silica, and alumina. 
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Tab^k XXVIII.— Fusibility of, Limb-silioa Mixtures ‘ 
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Tablo XXIX., duo to J. VV. Cobb, shows tho tiun[HU‘ati 
which liino acts on silica and tlio various com}>ounds formed. 
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The action of lirae may be altered by the presence of other 
fluxes in the sand. When alkalies are present simultaneously 
with lime (as is usually the case), they reduce the temperature 
at which interaction occurs, as sodium and potassium silicates 
and aliimino-silicates are formed at a lower temperature, and fuse 


* See footnote on p. 187. 
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more readily, than the corresiwnding lime coiujroundii. Moreover, 
any fused matter which may lie |)respnt acts as a solvent of lime, 
silica, and alumina, and thereby facilitates their interaction. 

When iron oxide is present, calcium metaferratc (tW). FejOj, 
melting at 12(15'’ C.) or calcium orthoferj'ah- (2(’aO. FcjOj, melting 
at 1400'’ C.) may Ix^ formed. .Vccording to K. 11, Sosman and 
H. F. Merwn, both these‘tiubstances dissociate at their melting 
points, the latt(>r giving black crystals with a yellowish-brown 
tinge, and the former yielding long ()lack ms‘dle-sha)X'd crystals. 

The exU'nt to which these reactions will ociair dc|X‘nd8 chiefly 
on the relative quantities of ea<^h of th<‘ constituents |)resent, the 
size of the particles, the temperature to rvhich the mixture is heated, 
and the duration of'the heating. 

Linu! comiiounds. are amongst the most |)owcrful fluxes, and 
a small percentage of minerals containing lime may reduce the 
refractorine.ss of the, sand very consiilerably. The. elTect of lime 
compounds in this way dejxmds on the siz<! of the grains and the 
intimacy with which they are associated with the other constituents 
of th(! sand. Thus, the very minute particles uniformly dissemi¬ 
nated through the sand are much more active in their action than 
larger irregularly dis|X)scd |)articlcs. 

The form in which the lime is ])r(-sent also affe(!ts the activity 
of the reactions. In the form of carlxmate, the action is very rapul, 
as the carbonah' is dccomj)oscd at a U'mixu'ature of about VIX)" (1., 
forming free linu' which atbicks tlu' silica and silicate's present 
very rapidly, ('ahdum sulphaU' does not dissociab? IxJow a 
tom|X‘raturo of 12(H)'’ but abov(' this ti'm]X‘ratnre its action 
is exactly like lime or calcium carbonate. In the form of felspar 
and other calcium-bearing alumino-silicab's the action of the lime 
is also retardwl to some extent, the refractoriness not being reduced 
so greatly os with compounds which ))roducc fixs; lime. 

3. Soluble calcium comjxumds may produce a scum on any 
articles made from the sand, unless such compounds are changed 
into some insoluble form during th<' c(airs(! of manufacture. 


B.vrkim Cominuinds 

Barium compounds occur in sands, the only one of importance 
being Barytes, which occurs as colourless or white' orthorhombic 
crystals, sometimes tinged with yellow, red, brown, or blue, having 
a hardness of 2-5-3'3 and a six'cific. gravity of 4-5. It is derived 
chiefly from mineral veins in which it occurs as a gangue. Barium 
compounds in sands act in almost exactly the same way as calcium 
compounds, so that their action need not be described separately. 
Barium silicate melts, according to G. Btein, at 1368-6“ 0., and 
according to R. C. Wallace, at 1490“ C.: the latter figure probably 
relates to the disilicate. 


voi.. 1 
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Magnesium Compounds 

MagiKwium compounds may occur in sands in any of th< 
following forms: 

Magnesite occurs as \vhitc, grey, yellow, or brown grains 
sometimes in hexagonal crystals, having a hardness of 3-!>-4-5 ant 
a sjiecific gravity of 2’8-3 or more. It is produced by the altcratior 
of rocks rich in magnesium silicates, chiefly vein rocks. 

Dolomite is a carbonate of calcium and magnesium which occur.*' 
as white or tintisl hexagonal crystals, having a hardn(«s of 3*5-4 
and a sjxicific gravity of 2*8-2*!). It occurs rarely in recent .sands 
such as those in the Drift of Suffolk. 

Spinel, see b(dow. 

Cordierlte, see p. 188. , 

The effect of magnesium compounds on sands is to reduce 
their refractorim'ss, but, unlike lime compounds, the rab* of fusion 
is comparatively slow, and the compounds formed are v(U'y viscous 
in the molten state, so that where the sand is used in tlie manufacture 
of articles which arc afterwards burned in a kiln, the vitrification 
range is much larger and there is h'ss dang('r of the goods losing 
their shapt; than when lime com[)ounds are [)re.sent. 


Ali'Minium Compounds 

The aluminium in sands chiiifly otsairs in the felspars, micas, 
pyroxene, amphilmie, clay, and other alumino-silicatcs, and other 
minerals jiresent as impurities, but a small proportion may occur 
as free alumina. Thi^ jirincipal forms of free alumina which may 
occur are as follow: 

Corundum consists of grey, green, reddish, or yellow hexagonal 
crystals, having a hardness of 9 and a specific gravity of 3-9-4-1. 
It is derived chii'fly from veins and segregations of igneous rocks. 

Bauxite, Daterite, and Dlaspore art’ hydrous forms of alumina 
which occur very occasionally in sands. Bauxite is an amorphous, 
earthy, or granular material of dirty white or brownish colour. 
Laterite is an impure form containing much iron oxide. Diaspore 
forms white orthorhombic crystals, with a hardness of about 7 
and a siiecific gravity of 3*5. 

The effect of alumina on sands varies according to the state 
in which it is present and with what it occurs. Alumina reduces 
the refractoriness of sands when small proportions are present, 
but larger proportions increase the refractoriness. Table XXX., 
duo to Seger, Heeht. and Simonis, show's the effect of alumina on 
the refractoriness of silica. 

Spinel is the term used to designate a group of minerals of 
varying composition, but consisting essentially of magnesium 
aluniinate, though iron, manganese, and chromium may replace 
some of the magnesia. They occur as red, brown, black, or some¬ 
times green or blue cubic crystals, having a hardness of 8 and a 
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Tabi.k XXX. -KrsiitiLiTV ok Ali mina sii.h a Mixti iihs 
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spi'cific gravity of li o-a ti. They ari' (Irrivcd i liiclly from liasjr 
igneous rocks iiinl from metamor|)liie gm isses, siT|)entines, and 
crystallitK* limestones. 

Chrysoberyl is a iM-ryllinm aluminale derived from granite, 
gneiss, and mieu-scliist, ahieh oi< iirs to a limited e.xtr iit in sands 
as grtren orthorliomlae crystals, having a liarilne.ss of S o and a 
specific gravity of :{ o-3 H. 


STRONTlf.M CoMI'OI SnS 

Strontium eom|ionnds are very rare in sands, the only one of 
an.v importance Ixang Celestine, whic h is a sulphatexcf strontium 
occurring as white orthorhomhie er\stals, having a hardness of 
3-3-5 and a sjrccific gravity ref 3 iM). 

Tantalum CoMi’oi Nns 

Tantalum compounds arc also rare in sands, the chief one 
being Tantalite,—a niobatr- and tantalate of iron and manganese 
which occurs as black, gny, nr brown orthorhombic crystals, 
having a hardness of 6 and a sis cilie gravity of 5-3-7-3. 
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Titanium Compounds 

Titanium compounds occur in sands in the following forms : 

Rutile is a titanium oxide occurring os reddish-brown, yellowish, 
or black tetragonal crystals having a hardness of 6-6-5 and a 
speciHe gravity of 4-2. It is derived chiefly from acid igneous 
rocks and metamorphic rocks, though it may also occur as an 
alteration product of other titanium minerals. Rutile is one of 
the commonest dctrital minerals in sands, on account of its great 
stability. It is almost indestructible, and may be passed on from 
one deposit to another with f)ractically no change. In some cases 
rutile is eonesmtrated by water action forming large deposits con¬ 
taining but little quartzose material (p. 164). 

Brooklte is a titanium oxide occurring as. brown, reddish, or 
blackish orthorhombic crystals, with a hardness of 5-5-6 and a 
specilie gravity of 4. It is also an alteration prcaluct, derived 
especially from dolerites. Brookite is less widely distnbuted than 
rutile, but is very common in the (.'oal Measures of Durham and 
the Millstont! Grit of Yorkshire. 

Anatase is also a titanium oxide which occurs ns slender 
tetragonal pyramids of a brown, blue, or black colour, having a 
hardness of 5-5-6 and a s]»cific gravity of 3-82-3-95. It is an 
alteration product from other titanium minerals and is principally 
derived from granites, dolerite, schists, etc-. Anatase, like brookite, 
is also of more local oc-currencc than rutile. It is abundant in 
the Keu|Kn- Waterstones, and occurs to some extent in the Drift 
of Suffolk, the Wcalden Ix-ds, thcc Inferior Oolite of Northampton¬ 
shire. the Buntw- Ix-ds of the Midlands, and in Ireland, the Lower 
Permian of Yorkshire, the Coal Measures of Northumberland, the 
Millstone Grit of Yorkshire and Scotland, the Carboniferous lime¬ 
stone, and the pocket sands of Derbyshire and North Wales. 

Ilmenite is an oxide of iron and titanium occurring as black 
hexagonal crystals, having a hardness of 5-6 and a specific gravity 
of 4-5-5-0. It is derived from basic igneous rocks, especially 
diorites, and also from the disintegration of intrusive veins. It 
is one of the commonest heavy minerals, and is found in practically 
all dctrital sediments. In some eases it may be partly converted 
into leueoxeqe and anatase. Ilmenite is sometimes concentrated 
into large placer deposits containing few other minerals. 

Sphene or Tit&nU6 is a titanate and silicate of calcium which, 
occurs as brown, green, grey, yellow, or black monoclinic crystals, 
having a hafdness of 5-5-5 and a specific gravity of 3-64.' It is 
derived chiefly from acid igneous rocks such as granite, syenite, 
etc., and also from metamorphic rocks, rich in calcium. 

Leucoxene is a variety of sphene produced by the alteration 
of ilmenite and other titanium-bearing minerals. It is found in 
most sands and deposits where other titaniferous minerals occur, 
and is especially frequent in Carboniferous rocks. 

Titanium compounds act as powerful fluxes, and, if present in 
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quantities exciH>cling 2 per cent, they gri-atly reduce the refraetoriness 
of the aand. The effect of titaiiiuin oxide on the refrnetorinesu 
of silica is, as shown in Table XXXI., due to U. Rieke. 

Table XXXI. Fi siiui.itv of Titamcm Oxidic-silkw MixTrites 
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The effect of titanium oxide as a flux on alumina i.s loa-n more 
marked than on silica, as is shown in Table X.XXII., also due to 
R. Rieke. 

Tablk XXXII.- -Ki-siim.iTV of 'rrr.e.NU M Oxme-Ai.eMisA Mixti uks 
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Tuokium, (Ierii’M, and Yttru’M (.'ompounds 

The only important thorium compound occurring in sands is 
Honazlte, which Ls a phosfihate of c<'rium tnetals und thorium 
silicate, and occurs as pale yellow or n-ddish-brown monoclinic 
crystals, having a hardness of S-S and a K|)ecific gravity of 6 0. It 
is derived from granites and [)egmatit<!8, 

Thortanlte and Thorite are also sources of thorium, but they 
occur only rarely in sands. 

Xenotine is a mineral similar to raonazitc;. consi.sting of phosphates 
of the cerium and yttrium grouj)s. together with silica, thoria, 
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zirconia, etc. It contains S-11 per (iont of ceria eartlia and M-CS per 
cent of yttria ('arths, and occurs as brown to reddish-brown or 
yellow tetragonal crystals, with a hardness of 4-5 and a specific 
gravity of 445-4-50. Tt is frequently associated with zircon, 
espt'cially in granitic rocks, and is abundant in the diamond sands 
of Brazil and in Seanditfavia. In smaller proportions it ogcurs 
in other roeks, such as those of the Millstone Grit, and in some 
detrital sands. • 

Tunostkn ('ompoun'd.s 

Tungsten compounds occur in sands in varying quantities. 
The following are the [wineipal varieties; 

Wolframite is a tungstate of iron and mangane.se which occurs 
as brown or gi'eyish-bla<‘k monoclinic crystals, having a hardness 
of 5-5'5 and a s)K‘cilic gi'avity t)f 71-7-9. It is derived from 
piK'umatolytie v('ins. 

Scheellie is a tungstate of calcium which occurs rarely an 
yellowish or brownish tf'tragonal mystals, with a hardness of 4-5-5 
and a s()(>eillc gravity of 5i)-(j l. It is also d(>rived from pneu- 
matolytic veins. 

Hubnertte is a tungstate of mangani'se which occurs vi^ry 
rarely in .sands. 

('IIROMIIIM ( VlMI’Ol'N l)S 

There are various compounds containing chromium as a minor 
eonstituent in sands, but the only one which contains a large 
profiortiou is Chromite, which occurs as black or brownish-black 
cubic crystals, with a hardness of 5-5 and a specilie gravity of 
4 :i-4-5. It is deriviMl chiefly from ultra-basic rocks, peridotites, 
(de. It is very resistant to weathering, and is carried about in 
sands without any appreciable alteration. 

Tin Compounds 

Tin compounds occur in sands only as Casslterite; it is found" 
usually as black or brown tetragonal crystals, with a hardness 
of 6-7 and a s|K>cific gravity of 6-4-7-1. It is derived from granites 
and quartz veins as well as other acid igneous rocks. It is found 
in the sands of Cornwall and other tin-bearing districts, and has 
also been foujid, to some extent, in the jiocket-sands of Derby'shire. 

Zirconium Compounds 

Zirconium compounds occur in sands principally as Zircon (zir¬ 
conium silicate), w'hich consists of colourless green or reddish-brown 
tetragonal crystals, having a hardness of 7-5 and a specific gravity 
of 4-7. It is derived from many types of igneous rock, especially 
acid ones, and also from ery.stalline limestones, gneisses, and schists. 

Zircon is an extremely' durable mineral, and may be repeatedly 
transported from one deposit to another without any material 
changes. Consequently, it is one of the commonest constituents 
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of saiuls, and is found in almost ovorv d(*|K>sit. In soiiu' casus 
it is concentrated by water action forming large dejmsits jiructically 
free froin other minerals. 


SI.ASC.^N KSK (,'o.Mrol' N l)S 

Manganese oxides occasionally occur in some dark sands. 
They act as powcrfid tluxei and rapidly dccrens<‘ the refractoriness 
of sands in which they occur. They jrtso give the sands a brown 
colour, if present in suHicicnt (|uau(ity, which may !«■ an obj<‘etion 
to their |)resence. .Mangaiv.'se eoin|)(ainds may ociair as a thin 
film over the (piartz and other eimstituents of the sand, giving 
the whole bc<l a brown colour, which may Is' removi'd to some 
extent by Hashing. 

I’llosi'iloiu s Cosiror.Mis 

Phosphorus comjiounds occur in sands cbielly in the following 
forms; 

Apatite is a phosphate and fIuorid<' of calcium or a |ihosphato 
and chloride of calcium, with a, hardness of .a and a s|s'cilie gravity 
of :{17-3'2U. It forms greenish or yellowish hexagonal crystals 
which, in some cases, ari^ various shades of blue, grey, red, ami brown, 
whilst white or colourless specimens also occur. It is derived 
partly from igneous rocks aiul partly fi'om rocks which have iK-en 
altered by metamor|)hic action. A|)atite is not of widt^ occurrence, 
but occurs to some cxtnit in tbe Itcadiiig beds, the Thanct sand, 
the Hunter IkmIs of the .Midlands, ami the la>wer Permian IkuIs 
of Yorkshire. It has al.so been found in .some dune sands. 

Coprollte and Phosphorite are natural phosphate rocks which 
are |)roduced by the accumulation of organic remains. Phosphates 
arc common in tlu^ flrcamsaml beds, .some portions Ix’ing so rich 
as to 1 m? suitable for use as fertilisers. 

Phosphorus cum)>oumls elleel a serious re<luclion in the 
refractoriness of silica, on account of their low fusing jaiint and 
the formation of fu.sible phosphates. Table XXXIII., due to 
(!. Nielson, .shows the softening p<iints of various mixtures of 
calcium phosphate and silica. 

TaHLB XXXIII. Kl SlHII.lTV or ('.M.CK M ClIOSniATB-SIUCA Mixtchks 
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ORGANIC MATTER IN SANDS 


Metallic Elements 

Metallic elements occur in small proportions in some sands. The 
principal ones so found arc as follows: •• 

Gold occurs in grains of various sizes associated with zircon, 
corundum, topaz, garnet, <-tc. It is yellow or bronzy in colour, 
and has a hardness of 2-5-3 and a specific gravity of 12-20.‘ It 
is derived from gold-bearing primary rocks, in which it ocenrs 
disseminated through the mass. 

Platinum occurs as stcel-grcy particles, which may be either 
amorphous or crystalline, usually the former. It has a hardness 
of 4-4-5 and a six-citic gravity of 21-46. Platinum is derived from 
basic igneous rocks, peridotites, etc., though it may also lx; derived 
from some metamorphic and sedimentary rocks which have Ix.-en 
produced originally from basic igneous rocks. 

Palladium, Osmium, Iridium, Ruthenium, Iridosmine, and 
Rhodium arc also found in association with platinum, in detrital 
deposits. 

Non-Metallio Elements 

Non-mctallic elements do not occur in sands, except carbon, 
which may be found in .some sands, as Diamond (see p. !•(>). 

HOf'K ERAIiMENTS 

Besides the simple minerals already described, small rock 
particles consisting of aggregates of mineral grains may occur in 
sands. Such rock fragments arc very common in desert sands, 
which often consist chiefly of comminuted rock particles. In 
regions where crystalline schists have been disintegrated, small 
fragments of schist, (piartzite, and granulitc are often found in 
the sands derivt'd from these rocks. 

Organic and other (Carbonaceous Matter 

Carbonaceous matter occurs in most sands. It is derived from 
either decayed animal or vegetable matter, and may be included 
in the deposit as a result of the infiltration of water containing 
carbonaceous matter in suspension, or by the simultaneous deposi¬ 
tion of carbonaceous matter during the period of formation of the 
sand, or by bituminous rocks becoming mixed with the sand. 
In some cases the origin of the carbonaceous matter may be readily 
recognised, a^ when leaves, wood, roots, etc., are present. The 
carbonaceous matter may be disseminated very uniformly through 
the sand or it may be concentrated in certain. places. In some 
sands carbonaceous matter forms a thin film over the^ quartz 
and other grains present, giving the whole mass a dark-brown colour. 
The colour may sometimes* be a guide as to the amount of carbon¬ 
aceous matter pre.senl, but this is not very reliable, as other colouring 
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agent!) may influeno* the tint of the sand. Very dark aands, 
however, are frequently rich in carbonaewuu matiU'r, and when 
they ai'e heated the colour may liccome much lighter, (hie to the 
burning off of the carbonaceous matter. 

The principal effects of carbonaceous matter in sands are -- 

1. The colour in the raw state is vciw dark. 

2. It has a reducing action u|)on any iron compounds which 
may be present. This action is very Aicnelicial. as the iron com- 
pound.s are reduced in process of time and converted into soluble 
substances which may Imi jiartially removed by inliltrating water. 
In this manner the iron content of the sand is gradually lowered 
and a jiartial puriticalion takes ]ilacc. so that a sand wliich originally 
might be very impure and unsuitable for purposes where a refractory 
sand is lequired might, in time, Im' so puritied as to Ix' suitable 
for such ]mrj)o.s(!s. This has been cs|K‘cially the case with the 
glacial sands of laincashire, which have Is-cn ))artially |mriticd by 
carbonaceous matter in this way. 

Many of the purest sands arc associated with carbonaceous 
material, this association |)robahly being partly the cause of their 
purity. The Fontainebleau. Lilipc, and llohcnhockc sands on the 
Continent, and the Aylesbury sand are all very pure sands which 
are associated with carbonaceous matter. 

Shells are a common constituent of many sands of marine 
origin, and in .some cases they form the hulk of tln^ de|(osit ()i. 157). 




CHAPTER V 

PROPERTIES OF SANDS 

To aHi'iiipt to d(^sw'il)o tho pro|H)rtios of samis is to open out a 
vory vviilo field, as sand is not a singlt^ niin(!ra!, but a tu^terogeneous 
mixture of many difbu'ont ones ; ttus imiunu'rahle combinations 
of these minerals in varying proportions prod\iee sands of endless 
variety, so that to (hseribo their pro|H‘rties fully would b(> a tedious 
and very difficult matter. It will be sufficient, however, for the 
purpose of this volume to describe the iirineipal pi'ojxu'ties of a 
pure sand- that is, a ((uartzosc sand and to show how the presence 
of the various iin))urities mentioned will alter its properties, referring 
the reader to other parts of the book for further information as 
to the jiroperties of such impure sands. 

Chemical Composition.—The (diemieal composition of sands is 
very important, esjx'cially for some iiurjxxses for which sands 
are used. Sometimes it may only be ncees.sary to know the 
percentage of silica, iron oxide, alumina, and water, whilst in other 
eases a more accurate and complete determination may be necessary. 
The analysis of a sand is usually reported somewhat as follows: 

Silica 
Alumina 
Iron oxide . 

Lime 

Mainicsia ■ 

.Alkalies 
boss on ignition 

100 jier cent. 

In the first place it will be observed that the analysis adds up 
precisely to lOO'OO, a feat of skill almost impossible, even to the 
ablest analyst, and an almost certain sign that some constituent 
has been “ estimateil by difference.” This is a convenient way 
of stating that the analyst has been too lazy, too busy, or too 
ill-paid to make a proper analysis, and having determined the 
silica, alumina, iron oxide, and lime, has found that a eertain 
amount of material remains unaccounted for. He, therefore, 
describes this “ difference ” as ” alkalies,” and soothes his conscience 
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with tlip tlioiiglit thiit so siimll a |HTc(‘iiUig«‘ of any iiigri'iliont 
cannot make any a]))ii'c('ial)lc (lifTcrcncc in the vahie of llu' sand. 
This method of working is all the more visual Is’eavise the lalxmr 
attending the actual determinidion of the alkalies is almost e(|iial 
to that required for all the other eonstitiients put together. 

For some purposes, siieh as glass-making, an aeeurate know¬ 
ledge of the proportion of alkalies is nniinportant. provided the 
.sand is otherwise pure, hnt for othe»s. .sneh as naailding sanil, 
the presence of lime, magnesia, and alkidies, even in small ipiantities, 
has a notahle effect on the heat resistanee of the sand, and their 
jiroportions should be ileterinineil with great exaelitnde. It is, 
as a matter of fact, less important to know the proportion of silica 
than of nikvdies ; and if .so eoinplete an analysis eaimot be iditained, 
on aeeoimt of the cost of the labour iuvolveil. it is betU'r to treat 
the sample with hvdrollnorie acid until all the silic a has been driven 
off, and to analyse the re.sidue. than to make a gue.ss at tlw pro 
portion of alkalies, as is so frecpieiitly done. 

The eomjiosition of ino.st sands includes S(l |M‘r cent or more 
of silica, together with some cpiantity of impurities. In very pure 
sands, OS or even !)0 )M-r cent of silica may Im' present. 

The amount of ircai present in sands is often of great importance, 
esiM'eially where a very ))ure sand is reipiireil. 

Mineralogical Composition. .Although the chemical composition 
of a sand is of great value, it is .sometimes insullieieiit. and it may 
then be necessary to know in what, svatc tin- various elements 
determined are ivivsent. as some minerals may not Ive harmful in 
a sand, whilst others may be very undesirable, or an element in 
some form may Ixc undesirable, whilst if eonibined in another form 
it may not be .so harmful. Thus, silica, alumina, and alkidies may 
be combined in the form of felspars oi- mica, but the felspars may 
be harmless or less harmful than thec micas. The methods used 
in determining thi' mineralogical composition of sands are de.serilved 
on p. 2o(). The minerals pre.sent in sands have’ already iK’cn 
described in ('ha|>ter fV. 

The projiortion of mineral impurities in sands varh's according 
to their mode of origin, the rocks ficnn which they have been 
derived, etc. In most eases, the proportion of impurities is sehiom 
more than 20 |K‘r cent, and it is generally inueh less. About 1 [a-r 
cent or less is the average jiroiiortion of heavy minerals, though, 
where a large amount of line mateiial occurs, th<.‘ proportion may 
be higher. 

Sands which have been proilueed directly from igneous rocks 
usually' contain a higher projiortion of imimrities than those which 
are formed by the disinU-gration of older sediments, as the constant 
transportation of dctrital minerals lends to separate th<i grains 
according to their s])ecilic gravities, etc., thus concentrating the 
heavy' minerals in certain deposits and leaving the ipiart/. grains 
reasonably pure. Thus, in some of the Usls of the I'pisu- Greensand, 
according* to Boswell, the profmrtion of heavy minerals is only 
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0-01 per cent or leas. The Thanet sand contains'0-07-0’15 per cent, 
and the Woolwich and Reading beds 0-1-0-9 per cent of heavy 
detrital minerals. In the Inferior Oolite beds, the Folkestone 
beds, and the Bagshot sands, tho proportion of heavy minerals 
is sometimes as much as 4 per cent, though usually it is about 
0-6-1 per cent. As a general rule, the coarser sands contain a 
smaller proportion of heavy minerals tha,n the finer sands. 

Chemical Properties. —Tlie chemical properties of sands vary 
with their nature and constitution. It is best, in considering this 
subject, to ascertain the chemical properties of a pure quartzose 
sand and then to find how those projK'rties are affected by any 
impurities present. 

Quartz and most forms of free silica are insoluble in all ordinary 
acvk, but dissolve more or less rapidly in hydrofluoric acid in the 
cold and in phosphoric acid at 400° C. or at high(!r tem|K!ratures. 
Crystalline quartz is least soluble and amorphous silica the most 
soluble. The following results, due to Schwarz, show tho proportions 
of crystalline and amorphous silica dissolved by hydrofluoric acid 
at 100° C. by digestion for one hour: 

Quartz.r»-2peroont. 

Golatiiiouhi Rilica . . . 52*9 ,, 

Felspar, Icucite, and other minerals which contain a high 
percentage of silica are also usually dissolved very quickly by 
hydrofluoric acid, but anatase, brookite, rutile, andalusite, kyanite, 
sillimanite, staurolite, topaz, tourmaline, corundum, spinel, cas- 
siterite, axinite, and zircon arc only slowly attacked, w'hilst such 
substances as mica, hornblende, and spheno are partially decom¬ 
posed. 

The action of alkalies upon quartz and other forms of free silica 
is similar to that of hydrofluoric acid. Quartz is attacked to some 
extent by caustic soda, finely-divided material kung more readily 
attacked than the coarse crystals. Non-crystalline silica is still 
more easily attacked. Colloidal and hydrated forms of silica are 
rapidly attacked and dissolved. Sodium carbonate also attacks 
quartz, but to a lesser degree. 

Caustic soda decomposes felspar quickly at a bright red heat, 
the extent of the action depending on the size of the particles 
and the nature of the felspar. Fine particles are naturally more 
readily attacked than coarse ones, and soda felspar dissolves 
quicker than potash felspar. 

Caustic soda also attacks hornblende, augite, biotite, etc., to 
some extent, but andalusite, epidote, and muscovite are not 
appreciably affected. 

Lime does not affect silica at atmospheric temperatures, but 
at high temperatures (about 1000° C.) it begins to react upon 
amorphous silica rapidly, and though quartz and other forms of 
crystalline silica are not obviouslv attacked below a temperature 
of 1400° C., yet, according to J. W. Cobb, some combination does 
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occur (p. 191). Ijme also attacks siliecnus inin(>rals in the same 
manner as silica. 

Silica and .siliceous minerals are attacked l»y rnrbon at all 
temperatures above 12(K1° ('.. forming silicon and carbon monoxide, 
and sometimes silicon carbide. 1'his pi'o|)crtv is of great, value 
in the manufacture of carborundum. *T)ic pre.scnce of iron com¬ 
pounds (as impurities) favaurs the reduction of silica to silieim. 

Many of the im]uiritics in .sand.-^ are affected liy chemical 
reagents which do not aff(‘ct qiiartz. This )(roiK'rty is of value 
in some eases for the purification of sands ; thus: 

Hydrochloric acid attacks many calcareous and ferruginous 
impurities in sands. .su<'h as dolomite, magnesite, calcite, iron oxid(‘8, 
etc. Olivine, serpentine, chlorite, ncphclinc, epidotc, leiicite, 
apatite, and other phos]iIiat<‘s, monazip-. etc., are also attacked 
to some extent. Some sulphides arc also di.ssolvcd. Manganese 
oxides, if present, arc removed, and some silicats’s arc decomposed, 
by prolonged Imiling with the conccnlrated acid. 

Sulphuric acid attac^ks any clay or hydrats'd alumino-silicntcs 
which may Ih' prfwcnt in sands, decomposing them into aluminium 
sulphate, silicic acid, etc. The action is not always complete. 

Nitric acid attacks any sidjihidcs which may be present, forming 
sul])hat(w. 

Chloric acid is an active oxidising agent, and attacks any 
carbonaceous inatttT whiidi may be present in san<ls. 

Sodium chloride (common mil), when mixed with sand and heated 
to redness, will cause the va()orisation of almost all (he iron as 
chloride. The caleini'd sand, aft<-r washing to removit the soda, 
is thereby rend<‘red almost fre<- from iron compounds. 

The effect of various reage-nts on sands, however, is not in most 
cases sufficiently distinct to render s<'])aration aciniralJ'. as before 
one substance is <'ompletely dccompo.sed or dissolved anotlnw 
material may have? Ix'cn affcckal to some extent, and cons('(|uently 
the separation is not sharp, each constituent scparat4'd Ixung 
contaminated by other substances. 

Many of the minerals which occur in sands are little affecttal 
by acids and are as resistant to their action as (piartr, itself; some 
are even more resistant (c.!/. silliinanitc and its allied minerals), 
so that only certain minerals, such as those previously mentioncfl, 
affect the properties of sands in the cold. 

When heated, on the contrary, most mineral impurities in sands 
affect them more or less serio\isly, usually reducing the refraetf)rine8H 
and sometimes causing other difficulties. This effeot is dealt with 
in greater detail in the section on the refractory properties of 
sandb (p. 226). 

Coioiir. —^The colour of sands varies within extremely wide 
limits, and though it is sometimes useful, as a means of distinguishing 
different'kinds of sand, very little reliance can be placed upon it. 
For instance, a dark colour in a natural sand may not necessarily 
mean that the sand is impure, as the colour may be due to tim 
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prcHonoe of carljonacoous iiiattor, which, on ignition, may possibly 
readily be rcniovod, leaving a pure white quartzoso sand. On 
the other hand, a pure white .sand may contain a large proportion 
of eolonrl(vs.s iinpui ities which may make it nsele,ss for .some ]nirposes, 
whereas, from its colour, a dark sand might Is! rejected in preference 
to a light-coloured one. " , 

■ I’hi' (s)loiir of sands may vary considerably in different strata. 
Thus, th(! top beds of a dej^sit may be coloured deeply by carbon¬ 
aceous matter, whilst lowcw down the sand may be ]MU'feetly white. 
Anothiu’ e.xampic of a change in colour of the strata is where a 
bed of sand is in elo.s(^ ivssoeiation with anothei' l)e<l containing 
reducing agents, such as hnmic^ acid. In .such cases a brown 
sand may Is^ partially blenched where it is in contact with the 
other bed. 'I’his may not nece.ssarily mean a great change in 
oomposition, but simply that the iron eompoimlls in the sand may 
lx* reduced from tlu? ftsrric to the hwrous stat<'. .Many .sand (hqmsits 
which have been (!xpo.sed to the weather for some time show various 
tints of yellow or brown. This coloration, or discoloration, is due 
to tlu! oxidation or rusting of the iron oxide which the sand <a)ntain.s. 
Tlu' depth to whii^h the weathering has |)enetrated is oft(‘n shown 
by the colour of the deposit, and the brownish tint may lajcomo 
lighter at increasing (k^pths of tlu^ deposit where the action of the 
weather d(X>s not occur to tlu' same extent. The effect of weathering 
is particularly noticeable in soft sandy rocks, which are frequently 
covercsl with a thin layer' of stained rock, whilst the interior of 
the mass may b(< much lighter in colour. 'Pile linrit of weathering 
and discoloration is often irregular, and de|)enils to a largrr extent 
on the porosity or permeability of the dcjrosit. 'I’hus, the presence 
of a clayey sand bed may stop fui'ther jx'netration of watrrr, etc., 
and so |>r(!veut, or at any rate lessen, the discoloration of the Ix'ds 
below it. on account of tli<^ clay being kws permeable and arre.sting 
the |X'reolating watr'r. 

Discoloration due to wcuithering may be distinguished from 
discoloration dm^ to change in composition or from other causes, 
by the fact that the former commences at the surface of a deposit 
and tends to be most pronouiuxxl along fissures, joints, or along 
the trails of plant-roots. Thus, variations in colour in different 
strata of sand in the same general bed may, but do not necessarily, 
indicate some 'apf)recinble difference in eonqwsition, nor is the 
colour a reliable guide to the purity of a sand, as the amount of 
impurity producing the colour may be quite small in proportion 
to the colour it produces. 

The colour of sands is due partly to orgsinic and carbonaceous 
matter and partly to the minerals it contains. A pure quart.zite 
sand, or one containing only colourless imptirities, such as felspar, 
mica, etc., will 1 m> almost pure white, whilst the presence of iron 
gives to the sand a yellow, red, or brownish tint, which varies 
according to the nature of the iron compounds present and the 
proportion in which they occur. Magnetite will give black sands ; 
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hneiuatitc. on the otlicr hand, will ({ivo tin* sand a roddish tin){i‘, 
whilst if the iron o.\idc is liydratcd (linioniic) the colour takes 
various shades of yellow or hrown. A fireeiiish tinge may Ik- sei'il 
in sands containing any a|)|ireeial)li' proportion of iron in the ferrous 
state or as iron silicate. {Sir liihiir.) 

Ilther impurities, if posent in sulfieient ipiantity, may give 
eharaeteristie colours to the sand. Thus, the Oreensands owe 
their colour to the presence of gr«‘en oi*lirown glaueonip- (p. IK(t). 
Hrown sands may he due to the pia'simee of Tuanganese. Dark- 
coloured .sands may also he due to the presence of ir<ai .silicates 
such as horniik-nde, aiigite. etc., titanium minerals such as rutile, 
or to zircon or other dark-eolimred detrilal minerals. Olive-green 
or hluish-green eohmring is usually due to the presence of ferro- 
niagne.sian minerals and tla'ir alferatimi-produets. such as<hlorite 
and ser|M'utine. Fiu' further informati(ai <m the nature of various 
eohmred samIs see Chapter 111. 

Till' eolo’iir of sands may change when tlu-y are healed. Thus, 
a dark eohmr due to earhonaeeous matter may Is- destroyeil, the 
earhou heing eoTiverted into volatile 'ompoumls m' into earhon 
dio.vide. whilst any ferruginous iron which may he present may 
Im‘ eimverted into the feirie .state, thus giving a light-eolmired 
sand a darker shade. .\ny hydrated iron oxide, or any magnetiti’. 
which may Ix' ja-eseiit may la* dehy<lraleil and oxidised, haining 
a red in.stead of a hrown iw hlaek sand. 

The transparency of sands depends <m the nature of the ndnerals 
]ae.sent and on the impurities which oeeiir in them. A |aire (piartz- 
ite sand may eon.sist almost wholly <if clear, transparent grains, 
hut the presence of impurities may cause the grains to heeome 
opaipie or eloudisl. The same elfeet (aeurs with other minerals 
such as felspar, et<'.. partial deeompositi<ai in the latter giving 
clouded grains. Thus, a sand may consist of trans|iarent, trans¬ 
lucent, (U- o])ai|ue gniins according to the annaint of impurities 
present. 

In some eases, a .satid may ap|K'ar to consist of o|)a(pie grains 
which are translucent, or even transparent, when in the form of 
tiny fragments. Thus, the edges of hlaek Hint grains are ofhm 
translueent. Dinas sanil is also transparent if examined in thin 
sections. 

The lustre of sands is a usefid guidi* to their eomftosition and to 
the presence of certain minerals in them. Thus, the silvery lustre 
of mica flakes in a sand is readily defeehul. whilst soiik; other 
characteristic lustres are also mdieeahle. Quartz has a vitreous 
lustre, whilst metallic grains have a eharaeteristie and unmistakable 
appearance. The lustre of minerals dejsinds largely on their 
surface ; if the lathw is dull and corroded the mineral will not have 
so brilliant a lustre as when a |K-rfcctly new and fresh surface is 
examined. 

Refraction.—The action of sands uiam light transmitted through 
the grains is of great importance in determining the nature of the 
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constituent grains. Many crystals and grains having a crystalline 
structure have the power of turning a ray of light passed through 
them, the relative turning (or refractive) power being expressed 
by a figure termed the refractive index, which is constant for each 
mineral ; by this means it is possible to determine the nature of 
some of th(! grains bfung ekamincd. The refractive indices of,the 
principal minerals likely to occur in sandisis shown in Table XXXIV. 
The u.se of the refractive findex in estimating the proportion of 
various minerals in .sands is described in Chapter V'l. 


Tabi.k XXXIV. Ukkractivk Indicks 



Mux. 

Min. 


Max. 

Min. 

Anatafio 

2-489 

Hyporsthene . 

1 -7or> 

1-082 

AndaluHito 

l-((4:i 

1 -932 

Kaolinito . 

.I' 

t53 

Albite 

1 -r 

34 

Kvanito . 

1*72» 

1-717 

AndoHitHi . 

1 -rm 

Labrudorito 


55 

Anorthito . 

1 -.982 

Lepiflolito 

l (h i 

Apatite 

1 

1-934 

Ijoucito 

1 -0(18 

Augito 

i72:i 

1-998 

Miorocline 

1 •r)2« 

1-51ft 

Barytoa 

1 •«47 

1 oaii 

Monazite . 

1-841 

1-700 

BiotiU' 

I'tt 

1 rti) 

Muscovite 

l-tiOI 

1-593 

Brookito . 

2-741 

2r)H3 

Nephclino 

1-r 

43 

Bytownito 

2-74 

Oligoclase 

1 -.544 

Calcito 

1 

1 48h 

Olivine 

1 -tiSt) 

1-9.54 

Caasiterito 

2-093 

1-997 

Opul . 

1-45 

OoloHt.ite . 

1-931 

1022 

Orthoclase 

1 -.52.5 

1-519 

Clialcedonv 

1 -. 

>5 

I’hlogopitc 

1-60 

Chi*otnite . 

Very high 

Pyrophyllilc . 

1-57 

Cordioritf' . 

I -r>44 

I-.73-) 

Quartz 

1 -.553 

1-544 

Corundum 

i7m> 

1-790 

Rutile 

2-18)3 

2-010 

Cristobalito 

1-484 

Serpentine 

Sillimauite 

i-.' 

7 

Diamond . 

2-42 

1 -1)82 

1-990 

Diopaido . 

1-7 

Sodalito . 

1-48 

Dolomite . 

1(182 

1 -.503 

Spinel 

!-■ 

•> 

Enatatite . 

1-97 

1-69 

Staurolite 

1-746 

1-730 

Epidoto 

1 -749 

1-714 

Strontianite 

1-1 

2 

Fluorite 

1-434 

Tilanito . 

2-008 

1-899 

Garnet 

High 

Topaz 

1-627 

1-Olg 

Glaucophane . 

1-939 

1-621 

Tourmaline 

1-64 

1-62 

Gypsum . 
Halloysito 

1-1)3 

Tridymito 

1-477 

1 -33 

Xenotime . 

1-819 

1-7^1 

Haematite 't 

Hornblende 

322 

1(14 

2-94 

1-68 

Zircon 

1-993 

1-931 


BUnerals which do^not turn tho ray of IlKht to any apprcclablo extent are termed Uolropie. 


Some minerals are double refracting, i.e. they turn a ray of 
white light through several different angles, so that the ravs are 
termed ordinary and extraordinary, or “ fast " and “ slow rays. 
The maximum difference between the two rays is termed the 
birefringence of the mineral, and this value also is of use in dis¬ 
criminating between the constituents of sand. 
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Hardness,—^Thc hardncH-s of a sand aa a. whole cannot be 
expressed by a simple ligure, as it de|s‘nds on the constituent 
minerals present. A knowledge of the hardness or durability of 
sands under abrasion is chiefly required «hen‘ the sand is to bt> 
used for abrasive purjioses. in which ('as(' the information desired 
is usually ‘ 

(i.) VVliat is the'hardest ininyal pn-sent i 
(ii.) In what proportion does it occur f 

The abrasive action of a sand upon somt> other maU'rial will bo 
equal to that of the hardest constituent, but unless tlu' hardest 
constituent' is the |)redoininating one it may Is- undesirable. Thus, 
a soft abrasive containing soim^ hard particles would Is' U!«'lesa, 
as the soft abrasive would polish, whilst the harrier particles would 
scratch. If the cih'et of the hard particles is desired, the softer 
jiarticles are useless, and a sand containing a imieh largiT projsirtion 
of the u.sefid particles should be employeil. The hardness of a 
sand must. therefor<‘. Is' <'.\pres.sed partly as the hardness of tho 
predominant constituent and partly as that of fh<‘ hardest material 
jirc.scnt. By knowing the.s<' figures, and al.so the proportions of 
any sofU'r minerals whii'h may be |)resent to a noteworthy exU'iit, 
it is possible to determine the usefulness of a sand as an abrasive. 
Mo.st sands consist of rpiart/. grains which have a hardness of 7, 
according to Mohs' scale. I‘'el.s|)ar is slightly less hard than quarts: 
and is eipii valent to (i in .Mohs' scale. 'I'hi' average hardness of 
most sands is (1-7. The (ire.senee of other minerals may aei'cntuato 
or diminish the u.sefulness of a sand as an abrasi'c. Table .XXXV. 
shows the liardness of the principal minerals likely to occur in 


Tabi.k .X.X.W. Hahonkss ok Mini-;kai.s (Itas'sl oii .Mofis' scale) 
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lliintiM ss. 
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M.IDIIM Hit. 
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llanliM-HH. 

(t 

AndtildHito 

7-.'i 

Kliiornpar 
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4 

t )rl hfK'lasi'i 


Apatite . 

5 

7 

IMilogopite 

i-r, 

Augit-c . 

• 0 

(.iSliiuconiti: 

_2 

J^lagiorliiM' 

fl 

BaryteH 


(ilauoophanf* 
(•vp.sutii . 

ti'Ci-ri 

PvrileH . 

({•5 

Beryl 

/ •<) 

2 

OuartK . 

7 

Biotite . 

2-5 

Haematite 

ti 

Hiitilo . 

as 

Broolfite 

r»-5-t> 

Hfimblemli? 

5 5 

SeriMMitiiwi 

4 

Calcilo , 

:i 

Hyperathene 

5-5 

Kiilcrite 

3-6.4-5 

CaAftiterite 

(1-5 

Jlinenite . 

5-5 

>Siilimanilc 

0.7 

Celefttine 

3-5 

Kaolinite 

2-2 5 

•Sphetie . 


Chalcedony . 

7 

Kyanite . 

5-7 

Spinel . < 

K 

Chromite 

6 

Lepidoiite 

2*5 

iStaurolite 

7 5 

Columbite 

6 

Limoiiite 

5*5 

Titanite 

r,r) 

Cordieriie 

7'. 

Magnetite 

3 

Topaz . 
Toiinnaline 

H 

Corundum 

9 

Microelirie 

0 

7S 

Diamond 

10 

Monazite 

r,r. 

Tremolit© 

5-5 

Dolomite 

3 5 

Muscovite 

2*5 

Wolframite 

65 

Enstatito 

5-5 

Kepheliiie 

. 5’5 

Xenotime 

4S 

£pidote 

65 

Olivine . 

. 6-5 

Zircon . 

7-5 


TOL. I 


V 
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sands, so that their effeet on any particular sand may be readily 
found by determining tlie proportion of each mineral impurity 
present and then referring to its hardness in the table. 

If a mineral having a desired hardness oeeurs in a sand to a 
sufficient extent, it may be preferable to separate it from the 
other constiriients and Uf use it in a more concentrated state. 
For this navson garnet, corundum, diamonds, etc., are sometimes 
separated from sands in which they occur. 

Further information on the hardness of sands will be found in 
Vol. II. (Chapter XIII. 

Texture. -'I'he texture of a sand is a very important i)ro|K‘rty 
and one on which its value largely dc^pends. Sands in general 
consist of a mass of small irregular grains of various sizes aggregated 
more or less closely together. 'I’he state of aggregation varies 
considerably with the situation and the various weathering actions, 
etc., to which the sand has be<m exposed. 'I’hus, a sand may be 
lofMe and hicoherent, the |iartielfM being (piite separate, ns in dry 
wind-blown sands, such as desert and dune sands. Where a (piantity 
of clayey matter is present the sand may Iki slightly coherent, 
forming an enrlhj mass. Where the sand is |)artially cemented, 
yet still easily reduced to a powder, it may be termed pulrmilcnt 
or friable aeiairding to the eoherenee of the ])articles. Where a 
sand has Iks'II more eonifiletely consolidated into a sandstone or 
sand rock it may be termed coiwpnr/., flinli/. s/at/y. or foliated, 
according to its strin^ture. 

In some castes, the entrance of limonite and other impurities 
pauses the formation of crusts or hartl mas,ses in a .sand deposit; 
these may form a rusty network of " chunks," nodules, strijis, 
or layers which may seriously interfiin? with the quality and winning 
of the sand. Such concretionary lumps are common in some 
calcareous .sands. 

'fhe proportion of grains of various sizes is of great importance 
in the ust' of sands, and a knowledge of the various grades present 
and the proportions of each is essential to the jiroper use of the 
• material. In agriculture a knowledge of the coarseness of the 
sand grains in the soil is of great value, whilst in the filtration of 
water through sand-beds the grading of the sand has a great 
influence on the capacity of the filter—a matter of utmost import¬ 
ance. In brick-making, foundry practice, glass-making, and many 
other industries a knowledge of the grading of the sand is necessary. 

The grading of loose detrital particles may be to various 
classifications. Table XXXVI. shows three standards which have 
been adopted by different workers. 

The.se classifications are similar to one another and there is 
little to choose Ixstween them. In order to save confusion, however, 
it is best when expressing the results of a mechanical analysis 
of a sand to state what standard is adopted for each particular 
term, such as “ coarse sand,” “ fine sand.” etc.; if this is not 
definitely stated, diffieidties may arise. 
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Tabi.k XXXVJ. —(Yassifh'ation of Chains 



i Six 

ut I'urtivli-s ill mm. 

Turin Ai'i'lli-'l. 

; —.- ■ -■■, 

. . 

- . 


Mcllt.r. i 

1 


) Sutfrr. 

(Jmvcl .... 

lL*7.l:>-7 1 

• Ov. r -2 


Verv uoarsi' sund . 


12 


Coarst' kiukI 

’ 0l07-|.27 

u:,.\ 

(Kcr 

Mpfiiiim »an<l . 




Fine xaiul * . . . 

u ot;:{.()-i()7 

0 


Siinurlino siiiul 

1 ■■ 1 

0 

otig.V.o-iM 

Silt. 


0 ()| 11 IC) 

OOl 1102.^1 

Clay ” or “ i)imt ” f • 

■ Li'ss Uiiui t»-ni ’ 

AVSH than U-Ol 

]a‘s.s liitill u-oi 


• Molliir ii.st's the fi rm '■ irrll.” which iniplicH ;iti umlcrinl. •«> Ihat ” Him- hiijuI *’ 

U i»ri-frruh|i‘, (•siH'i Inlly as ■' yril ” is u 'ii'lluih- tfi-oloiri'-al Utiii wiili iiiiotln r Klk'iilllruiH r 

t Tlir term ” «lu>l ” h\ Mellur Is j»r»TiTal»h* in Si'!.'''r's term " clay siihstaiin; " 

or h«»s\v(.*ir» ■’ rlay ^jradr/* as the resliliii- iisualiy ( iiiHuiiis niher niihslaiiees day. 

It is very coiivcnioiit (o liavc soiiio siin|(lc liiraiis of l•x|»|•f‘SNilll' 
tho coarseness or (ineiiess of saiiils so that ililTerent sani|iles can 
he eoinpareil reailily. Various methods have heen su^'j'esled for 
iloing this. An ingenious method sngge.sted hy W. .laekson 
consists in finding a ■'surface factor " for eaeli sand which serves 
as a basis of eoni|iari.son. Tliis factor is a single nmnher based 
on the average sui-faee of tlie partieli's, and depends on the fact 
tliat the finer the particles the greater the surface of the whole 
unit mass. The average diameter of such small particles may 
Ik- fouml for particles less than C-HIl mm. diamef<-r by nndfiplyilig 
the weight of the fraction whose e.xtreme diameters are 

llttll. IIMII. 

0 to O-OlO liy a.’illT 
o-olo to oarj.v ling 
O-Og.V O. 0 0(0 ,, .‘ifS 

o nto lo (I aao i»f 

lulding all the ))roduets together and dividing by |(Kt, Thus, if a t 
sand contained the following si/ed particles. 


mill. mill. 


0 toil-lMO . 

4-5 

IMHO 1o 0 025 

. I0-3 

0 o2r> (41 0 iHo 

:;o 

IMMO to 0-3;{0 

K2-2 


loo-o 


Jackson’s■' surface factor” is I(ll4. which is found as follows: 

l.'il.-.l-.'i 

lo a z !Mi2 _ 

3 0 / .afs l.■..■ll ■0 

82 3 /. Of .-= 74802.0 


101410 1 
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which, divided by 100, gives 1014. A finer sample would giv«a 
larger surface factor, and a coarser sample would give a smalfer 
one. For larger sizes of particles the same principle may be applied, 
though it is not so accurate. Thus, the following factors may 
be used: 


Averajte 

Dlanavtcr. 


Factor.' 


Passing through tt No. tW sieve 

0'4 mm. 

4.5 

»» >» »» 

. 0-.5 „ 

36 

.. 12 „ 

■ 1« .. 

23 

,. „ C „ . 

. 2-G „ 

U 

Thus, a washed sand consisting of 



Partlflos. 

INt (Vnt. 


l*(>—2-.') mm. . 

. lU 


or>--i*o „ 

. 82 


0-4 -0-5 „ 

8 



100 



will give 


10 X 0 ; 00 


S X 111) . 28S 


2204 


and would have a surface factor of only 22'(). 

■ In English measure, the factors arc as shown in Table XXXVII. 


Tadlk XXXVII.— SiniFACB F.actors • 



Hii'Vf. 

Diameter of Particles. 

Nature. 

Factor. 

A 

On Hlcvc No. 1 .... 

Above 0T> in. 

Stones 

Nil. 

n 

Uetween Sieves Nutt. I and 10 . 

„ o-or» -o-oiu. 

t travel 

0-27 

(j 

10 „ 00 . 

„ 0 01 -0 0.'. in. 

(Viarse sand 

2*6 

1) 

„ „ OO „ 100 . 

„ 0 005 *0 01 in. 

Medinni sand 

13-2 

K 

„ ,. KlU „ 200 . 

„ 0-0025-0 00:> in. 

Fine sand 

220 

F 

,. 200 „ washing 

WftsluNl out hy n ttiroani 0-42 in. 
IK'r inimitB. 

„ 0-OU04-0 0025 in. 

Silt 

53 d) 

U 

Ttelow 0 0004 In. 

Clay and dust 

350-0 


* 'I'ho sieves in thla are stpaiwUrd alcvea In which tlie lilameter of the wires exactly 
iHluals tliat of tile apt'rturi'S. 


If the weight of each fraction be represented by the letters in 
the first column in the above table, the surface factor is 

0-27B + 2-60 + 13-2D + 22-6E + SS-OF +3590. 

The fimlres in Table XXXVIII. show the surface factor of 
several well-known sands in accordance with the factors in Table 
XXXVII. 
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TaBLB XXXVUI. —Si'RlfACE Faotoiib of Mooldino Sanhs 
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ISIJ 

0717 

010 

Its. 

:i,4!)7 

Stourbridgo 


0*22 


IS !i;t 

, 

.’ll-70 

M 01 

0 -os 

4,472 


This nu'tliod is ffciicially aociiiiili’ I'ntiuoli for most |iiir|H)Hrs, 
but Molkir has shown that thii arithmetical im-an of the limiting 
diameters is not the true avt-rage diameter of tlie fractions anil that 
a truer value is 



whore I) is the maximum diameter and il is the minimum diameter 
in any given fraction. 

He has also suggested that the surface factor should Im' calculated 
from the formula 

(i,\V, w., w, 

S 1 , 1 , ' ' , 1 ,, 

where S denotes the mean s|)eci(lc gravity of tlie jiowder, 
W], Wj, W'j, . . . the respective weights of the fra<'tions, I, 2.. . . 
I)er unit weight of powder (i/ommcncing at the finest), and 
rfi, dj, rfj, . . . the corresponding average (liameters of the graina 
in the resfawdive fractions. 

A method adojited by the American Foundrymen’s Associating 
for expressing the relative lincne.ss of sands consists in multiplying 
the weight of sand })a.ssing through each lui-sh and Ix'ing retained 
by the next smaller mesh, l)y the nninls rof the nu'sh, ami dividing 
the sum of these prcslncts by Kit). Thus, supiwise a .sund consists of 


Over 20-mP8h 

. 2-8 

2040 . 

. 400 

40.00 „ ... 

. 27-2 

00-80 . 

. 0 0 

80-100 „ . . . 

4 8 

than UMbniPHli . . 

. lf>0 


iOOO 


the calculations would be a^ follows: 
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2*Hx 

0 . 


40 0 X 

20 . 

HOO 

27-2x 

40 . 

. 1088 

!)-0 X 

00 . 

.676 

4-8 X 

HO . 

384 

15(ix 

100 . 

. 1560 


* 

4408 


which, divided by IdO, gives 44 08. This method is quite simple 
and is satisfactory for most piirpo.scs, for, though the figures 
obtained do not agree with tliose of other methods, they are com¬ 
parable among tliemselves. 

M 



Another metliod of representing the mechanical composition 
of sands, proposed by M. Feret,* is shown in Fig. 10. M. Feret 
separates the sand to be tested into three grades as follows: 

Orailo. DiwripOon 

Largo (G) passing tlirongh !> mm. (0-2 in.) holes or approximately 6-mesh. 

retained by 2 „ (0-070 in.) „ „ lO-mesh. 

Medium (M) passing through 2 „ (0-070 in.) „ ,. 15-mesh. 

retained by 0-6 „ (0-020 in.) „ „ 46-mesh. 

Fine (F) passing through 0-5 „ (0-020 in.) „ „ 46-raeah. 

He calculated the percentage of each sand as a proportion of 1 
and plotted the composition of the sand on a triangidar diagram 
as shown in Fig. 10. 

* M. Foret, Annates des Fonts et Chaussdes, 1896. 
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In this triangle a series of lines is drawn )>nrallel to eaeh side, 
and eaeh side may Ik- used in turn to indieat^t thi' proportion of 
partieles of eaeh grade. Thus, a sand composed of 

4H per cent of eonrse erains (^rade (i) 

.. tiiiMlitiiii oi-tiins (^rai)o M) 

17 ,. Hot'emius (arado 1*'} 

would Ik- represented hy the point .-1 d(l’'ig. lO). The |M)int (I is 
taken to represent a sand composed wliolly of grade (i, so that, 
•starting with the line AM/ as a ha.se and proceeding towards (I. the 
point repri'senting 4S per cent of gra<le (1 must Ih' somewhere 
iMitwei'H the liiU‘(l-41!. andU ti I'.and the linell',")S,!,d).o E. ,Similarly, 



Kic. II.--Bo.swi'H'h grading; graph. 


the )X)int representing ,‘{5 js-r cent of grmle M must Iw Ixdwecn 
the line tt (> 0.-(I-4 .'d. and the line 0-7 (i.dl-3 .M.; and th<^ point repre- 
sfinting 17 per cent of grade K must lie Iwlweeii the liiiesOd l<'.-(I-!> Al. 
and 0-2 F.-O-S .\I. The single point A which fulfils all these con¬ 
ditions represents the granulometric eomiKisition of the sand. 

A very convenient method by means of which the coarsrmess 
or finenes-s of different sands can be compared is that adoptrsl 
by Boswell, in which the limits of griule sir-e are marked off in a 
graph horizontally as abscissaf! (projKirtionally to the logarithma 
of the diameters of the irarticles), and the “ cumulative percentage 
weights ” of the grades vertically as ordinates. By this method 
graphs are obtained similar to those shown fn Fig. 11. A sand 
in which all the grains are of uniform size would be represented 
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by a vorticaklino, such as AB, in which all the particles are 2'0 mm. 
diameter, CD Would represent a sand with particles all 0-26 mm. 
diameter, EF a silt having all the grains 0 045 mm. diameter, 
and GH a “ clay” with ail the grains 0 005 mm. diameter. Such 
compositions are not found in nature, but their typical positions 
are shown. The curve TLf represents a sand, from Kynance Cjpve, 
Cornwall, in which the grain size is ver^ uniform, but not entirely 
so. The curve IfX is a Irtim or a mixture of sand and clay, and 
is, consequently, much flatter, whilst the glacial clay YZ is even 
more so. A comjtarison of curves of sands produced in this way 
readily shows their general characteristics in a very convenient 
manner. 

Fuller plots the mechanical analyses of .sands on a graph in 


* 



which the yiereentages of ])articles are marked on the abscissae and 
the sizes of the grains in inches on the ordinates. He found that 
the graph of a perfectly graded sand W’as in the form of a parabola 
constructed according to the formula 

d- 

■■ 10 , 000 ’ 

where D is .the largest diameter of particles, d is any given 
diameter, and P is the percentage of the mixture smaller than d. 
Fig. 12 shows the graphs of three sands plotted in this manner, 
including a perfectly graded mixture. 

In most sands, the particles of heavy minerals are smaller than 
the average quartz and felspar grains, as the speed of the wind 
or water required to move a quartz grain of a certain size will not 
move a heavy mineral grain of the same size. Consequently, sands 
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and similar deposits oontain a larger proiwirtion of heavy mineral 
grains .among the finer grades of sawl. In the dune sand of the 
Balgownie Links, near Ab»-rdeen, Boswell found that praetieally 
the whole of the hea\y minerals are eontaimsl in the line sand, 
these heavy mineral grains varying from O l mm. to O iJo mm., 
wlulst the size of the (|uart/. grains is from mm. to I mm. 
According to (filligan, almost the whole of the heavy minerals 
in the Millstone (!rit will )>ass through * IKt niesh sieve. 

The mica grains jiresent in sands ar<' usually mneh larg(>r than 
the average size of the heavy minerals present, on account of their 
flaky nature which enables larger fragments to Ik^ carried by wind 
or water than would be the ease if the grains were moi'c compact, 
as are those of the heavy minerals ))resent. The mass of the mica 
grains is, however, geneially less tlian that of the more eompaet 
minerals. 

Tttbh^ XXXIX.. due to Boswell, shows the size of the mica 
grains in vaiious sands compared with the sizt> of the heavy mini'rals 
present. 

Tablk XXXIX. -Sr/.Ks i»f Mica and tfsAVV Minksai. (iitAiNS 



.Miji'finit*'. 

oilic-r Hfiivy 
.MiJMTaiH. 


Mil., 

Min. 

Huiitor IN‘hijIe TVtl 

0-5 


Yuovil Smuls 


0<M( 

Lfiwur (JnfonHftml 

o«u 

<>-2r> 

Thrt«et Sand 

oir. 

004 

(’loyjialo Ik'dn 


<»-0a''j 

(Vay FioxHtonon . 

0‘5*> 

0-20 

Lunhutu 

0-41) 

0>20 


Tlu! relative fineness of the various sands used in this (smiltry 
has not been investigated to any gre.at exU-nt and there is com¬ 
paratively little information available. Some of the Ixist investiga¬ 
tions which have bcim carried out as yet have lieen made by 
P. G. H. Boswell, with a view to determining the use of sands for 
glass-making and other pm jsises. . , 

Further information as to the grading of particular sands will 
be found in later chapters. 

The shape of the grains in a sand may vary from sharp angular 
forms which have not been abraded to any great extent, to highly 
abraded and fully rounded grains. Sorby has classified sands into 
the following grades with reference to the shaiie of the grains 
present: 

1. Fresh angular grains derived from the breaking up of granitic 
or schistose rw^ks (Fig. 13) and the 'slightly less angular 
fragments often known as ‘‘ sub-angular "grains (Fig. 14), 
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2. Well-worn »aml in rouncU'd gi’ains, the original angles being 

eomplet(dy lost (Pig. 15). 

3. Sand having the grains chemically corroded so as to produce 

a jK'culiar U'xtiirc, different from that of worn grains of 
crystals. 

4. Sand with a p(!rf(!et crystalline outline (Pig. Ifi). 




Sands whicdi have been producod by tJie sitiiftlc' disintegration 
of rocks in sUn, or which have not las-n moved to any great e.xtent, 
generally consist of^sharp angular grains if th(' rock from which 



Fiu. 16.—RouuHcd grains. 



they have been formed consists of such grains cemented together. 
If the rock from which they have been formed consists of rounded 
grains, the sand will likewise consist of rounded grains, but sand 
produced by the.disintegration of igneous and metamorpbicrocks 
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usually consist, of shar|> niiKular grains, (ihu'ial saiitls aic usually 
quite sharp and angular. This is due to the faet that tlu- ahiasion 
to which' they are subjected is more in the nature of slidiiif; than 
rolling, .so that their angidar outlines tend to be pri'served. 

Sands which are sul)jceteil to continual attrition by trailspoita- 
tion from place to place gradually lo.se tbeir angular forms, tlm 
confers becoming worn and forming sub-angular, or even round 
grains. The extent to wliieli the grnisis are rounded is a goml 
indication of the extent to which they have been subjected to 
abrasion. 

Soinetimi's grains of sand may be rounded to .sonw extent, and 
then cemented into a solid stone by the inliltration of a cementing 
medium such as lime, iron eom|)ounds, etc., the stone being after¬ 
wards broken up, and the residting grains again subjeep'd to 
abrasion, thus causing further rounding, lienee, the rounding 
of the grains may continue through various geological )M‘,riods 
until the angularity is entirely lost.. 'I’he .sanil found in some 
pot-holes, wluue it has been emitinually abraded for a \'ery long 
]X'riod of time without being able to e.seape, is very mueh rounded 
in this way. 

Some minerals, even after prolonged abrasion, do not aei|uire 
rounded outlines. Thus, mica splits into thin laminae or flakes, 
but never forms rounded grains. (Itber minerals have delinito 
cleavage jilanes and tend to break info partii'les of smaller si/,e. 
but always retaining an angulai' form, t'alespar is a ty|)ieul 
e,xaniple of this. Organic slu'll remains. even aftm- long-eontinue<l 
attrition, also retain their angular outlines. 

Some accessory minerals are " ini’ludeil " in ipiart/, grains 
during part of their journey, and are protected by the surrounding 
quarts', and .so an' h'.ss rounded than .similar grains which have been 
exposed for the same time to abrading actions. 

The degree of rounding which sand grains undergo dejK'nds 
on the following eondilions ; («) the volume of the particle ; (A) its 
specific gravity, S(i; (c) the distance travelled, I); (d) the velocity 
of movement, V; and (e) its hardness. The aniount of roun<ling 
by wind aidion may Ik' ealeulafed by the following formula: 

. t'olume X .Sd ,< i) X V 
Hardness 

and that for water action by tlu; following: 

_ t'olume X (St! - 1.) x d x»; 

~ Hardness 

The most rapid cause of the rounding of sand grains is when they 
are carried bv wind, as in the firrmation of desert .sands. The 
particles com|Kising such sands are continually coming into viojont 
contact with each other, and with other rocks, and are rapidly 
rounded, forming a characteristic ty|K! termed “ millet sraal” sand 
on account of the perfect rounding of the grains. 
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Some of the Hunter sands of Lancashire and Cheshire flow' 
through the fingers like shot. These sands have probably been 
formed on a Trinssio desert. 

The grains of dune .sands along the sea coasts are not so rounded 
as desert .sands, as, although they have been accumulated by the 
action of the wind, the abitision has not been sufficiently prolonged 
to (!aus(‘ v(uy much rounding of the^ particles. The difference 
between the rouudness of the grains of sand formed in water and in 
oeolian deposits is well shown in Table XL., by Dr. Mackic. 


'I aiu.k X Is.—Kouni>in(j op (iRains 


Wator 

Deaorl- 

air 


I' Kivor wmtl from orystalHiio 
rocks. Kiver Spoy 
IkMilh Hantl noar ruoutfi <fl‘ Spey 
(LosHiemoiith) 

(larnofiforous black shoro sand 
(Mucrluff) .... 
Dune sands (Cublin) 
liopliliferoiis sandslotuf, Tri- 
assic. 
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:jr» 

42 

23 


2:* 

29 

20 

:io 

50 

D 

l‘J 

76 


• iMitf to llie presence of izarnot. 


The relation Isitween the amount of rounding sustained by water 
and air action may be expressed by the formula 

It SGxDxV 
r '.(iSG - 1) X rfx ()’ 

where R equals rounding by wind action, r equals rounding by 
water action, SG equals specific gravity of material, D equals 
distance travelled in air, V equals velocity in air, v equals velocity 
in water, d equals distance travelled in water. 

The apparent specific gravity of a particle in air is always greater 
than that in water, and the velocity of movement is also much 
higher. The distance travelled by the grains is very difficult to 
estimate, os in air they may be carried for great distences, whilst 
in water the cumulative effect of many rollings backwards and 
forwards, or of short swirls, may exceed the effect of a great distance 
travelled by wind-blown grains. The smallest grains of sand 
formed in rivers and seas are much less rounded than the larger 
ones, as the former are more buoyant and are held longer in suspen¬ 
sion, so that they are not exposed to the same amount of attrition 
as the heavier grains which remain at the bottom. Another reason 
for the less rounding of small grains of sand, especially when they 
are in water, Is that a film of water protects each grain from impact. 
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In air the size at whieh no further rovmding takes place is far 
smaller .than in water, though its actual limits are not deliiiitsOy 
known. According to Holmes, the smalle.st rounded ueolian 
partlcle.s are between (••03 and O Ot mm. in diameU'r, whilst the 
smallest wati'r-worn particle recorded is 0-5 mm. 

^he rounding of gi'ains of other minerals may also de|a‘nd on 
the frequency u'ith which^they come into contact with grains as 
hard as, or harder than, themselvcsa If such occurrences aix) 
infrequent, the grains tend to remain angular. 

The ext('nt of rounding of the grains varies also according to 
the nature of the material com]>osing the grain. 'I’hey may Ix! 
angular a.s a result of their haniness, or las ause they have not Ixen 
weathered to any great exts-nt. or they may be of aeolian origin. 
On the other hand, they may be rounded to a greater or less extiuit 
as a result of water action or on account of their softness. 

The shapes and sizes of grains in a sanil arc very important 
for some purposes, and whilst grains of certain sizes may be very 
desirable in some industries, they may Ik- cpiiU' unsuitable in others. 
Thus, for building pur))oses, a clean sliar)) sand with grains of many 
sizes is desirable, rounded grains being of little value, but for glass- 
making a uniform roun<l grnined sand is most valuable. The 
particular characteristics of sands for s|H'cial purposes are descrilred 
in \'ol. II. under the various industries for which they are used. 

Speclflc Gravity.- The sis’cilic gravity of a .sand is th(( average 
weight of its particles considered separately, relative to that of an 
equal volume of water. The us(^ of the term “ s|H‘cific gravity ” 
is restricted to that of the grains themselves and dm-s not take 
into account thi! air-spaces between the particles. A (iguns wluch 
relates to a mass of sand and includes the air-si)aees is termed 
the “ apparent specific gravity " or " volume-weight.” 

The specific gravity of a purt^ (piartzose saint is equal to that 
of quartz, namely 2-(>.'), but the jaesence of other minerals may 
change this to a greater or less extent, according to the amount 
of impurity present and the specific gravities of the various con¬ 
stituents. Usually, the siiecitie gravity of ordinary sands is Isjtween 
2-5 and 2-7. 

Siliceous sands containing silica in forms other than ipiartz 
may have a le.ss sjieoitie gravity, as shown Indow: 


Sitetiflu’ (Jravlty^ 

Quartz Hund 2d>51 

(jeysmto .... 2*051 

Flint.2-0:{2 

Chalcedony 2*607 


Density is a term which is often used very loosely in isinneetion 
with sand. Strictly speaking, it relates to the specific gravity of 
the particles forming the mass, but it is occasionally used to imlieate 
impermeability, a sample of sand fieing, in this sense, said to be 
dense because air or water will not penetrate easily into it. 
Ooeasionaliy, the terra density is used as distinct from s[ieciiic 
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gravity to indicate the redative weight of the whole mass, and hot 
that of each particle (aensidered sejearatedy, or the average of all 
such particles. In this .sen.se, the (lensity change.s with the treat¬ 
ment undergone' hy the sanel, whilst the S(x;eific gravity remains 
eonstant. It is far heitte'i' in such e-ases to eTn])le)y the term volume- 
weight, as, although this is more e'unibersomc, it indicates n^ore 
clearly the; ine-aning eef the figure, the weight ejf a mass of 
ascertaincel veelume!, that ol' an e'e)ual volume of water being taken 
as unity. 'Phe- vedunue-wedght eef sands is usually' about 1 -9, but 
varie's ae:eoreling to the sizevs eef the^ fiarticles anel the extent to which 
the nmss has be'e'H compre-sseal. 

Weight. - 'I'he^ wedght jM'r e'ubic foeet eif sand varies according 
to the nature of the' mitienils it ceentains, the size and slmpee of the 
jeartiedes, jind thee pre'ssure, if any', to which the mass has bejen 
subjce'te'el. On eni average', 1 e'ubie: feiol e>f leiose'ly hcape'el sanel 
will we'igh 120 lb., belt this iigui'e' is of gene'ral rather than particular 
a])])lii'ation. Kor e'xamiih', the' fedlowing figures weie obtaineal 
with typii'al sanels from thre'e elilTere'nt sources: 

ItivrrsaiHl . . . I IS Ih. por uu. ft. 

IMt'.sanfi .... 

'riuiines Mivnd .. „ 

Sand containing moist in i' has a smaller wi'ight jeer cubic fejot 
than ili'y sand, as I'eu'h grain eef sanel I'oiiteel with a thin film of 
water has a slightly gix'eite'r volume' thfin tlmt. eif the' elry grains. 
This ele'cri'tise in wi'ight. is spe'e'ially notice'able' in thi' ci>,se of tine 
aanil, as it has a greater capai'ity for leceiviug films of water on 
account of the girater surface' area of the grains relative' to their 
inn.ss. As the size of the grains ini'fe'ase's, the iliffi'ri'iie'e in weight 
is less anil le'ss marked, until with partii'le's of gravel 1 in. or more 
in eliametcr the elfi'ct is ])rae-lieally nil. 

V'ery wet sjvnil may wi'igh more' than the same volume' of the 
same sanel when only slightly moisti'iieel, as the exce'ss of water 
will occu])y' the interstices be'tween the particles whii'h w'ould 
otherwise be' Hill'd with air. This may I'asily be shown by weighing 
a box filh'd with dry sanel, anel thi'H jamiing in as much wati'r as 
the sand will absewii without einy apiireciable increase in volume, 
anel then re-wi'ighing it. On allow'ing such a wet mass to drain, 
the exi'css of water will run away, leaving a moist mass w'hich has 
a slightly le'.ss weight [wr cubic foot than the same sand when 
dry. The effect of water in inere'asing the volume of a sand and, 
conseipiently, pf ih'creasing its volume-weight has been investigated 
by Fnller, who found that the maximum volume is attaincel with 
about 6 ]ier cent of moistun'. 

Porosity.—The terra “ porosity ” is sometimes eonfusi'il with 
permeability, but this should be avoieleel, and the term porosity 
eonlini'd to the projwrtion of jam's, voiels, or interstices in a mass 
of sand. These jiores are the sjaices (usually filled with air) between 
the solid particles, the porosity of a sand varying with the size and 
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shape of the particles of which it is comjwsod. Sands with the 
greatest jxirosity arc those eom]X)sed of iiioderatidv large and 
wholly rounded grains, as shar]) and angular particles interlock 
and so give less ]H)re-spaee than tliost- which have rouiuled outlines. 
Sands eomjjosed of ])artieles of several different sizes will l>e less 
porous than those eontainitig only one size, as the smaller ])artieles 
oeetipy some of the s^Kua'S between the larger ones which wouhl 
otherwisi^ Ix' empty. • 

The )X)rosity of a sand will also vary according to thi‘ extent 
to which it has he<‘n eom|)reKsed, and the lower |)orti(>n of a h(‘a]), 
or dee]) bed of sand, will be less jxu-ous than the U])])er ])ortion on 
account of the pressure being greater at a greater de))th. lienee, 
a sami)le of sand as received at a laboratory is not a reliable gtiide 
as to its i)orosity, either in the original de))o.sit or in actual use. 
Porosity may beexpri'ssed in either of two ways; 

(a) As a ])er(;entage by uriglil, a hich is an indirect and somewhat 
misleiuling <‘X])res.si(m, as it really indicates the weight of water 
absorbi'd by one hundred units of weight of sand. Thus, a sand 
is said to have a ))orosity of 37-7 i)er cent by weight, if KM) lb. of 
the sand absorb 37-7 lb. of water. 

(h) As a percentage by eo/Hme, which is ii much more rational 
expression, ns it imlicates thi“ ix'lation of the volume of the pores to 
the Volume of the whole mass. Thus, a sand having a jiorosity of .">() 
per cent by volume contains eipnd measures of air-si)accs and sand. 

Th(' relation of the ])creentagi' by weight to that by volume 
may be found by the following formula : 

P = , 

" (KMI P,)S 

where P,„ c(|uals tlu' ])oro.sity )icr l ent by weight, I’,, ci|uat.s the 
[)orosity ]M'r cent by volume, and S <'(pials the specitie gravity 
of the sand. 


This is fiirtlior shown by the followina cxttni|ilc : 

A 8ainl having; a porosity ot' ">(1 pc'i* coni l>y voluim* conlairm 
TiO c.o. of air. 
oO c.o. iif solid sand. 

Now 50 c.c*. of air would be oociipiHl by 50 ti. of wabT. 

50 <*.c. of solid sand would bo occupied by 50 2'iio l.’12*5 ii. of sninl. 
But. a sample of saiul \vcigbinj< 132‘5 an»l absorbinji 50 of wab r in ita 
pon*8 would have a porosity by weight of • 

50 / 100 i:i2'5 57-7 |>or cent by wci^lit. 

In other words, if Pr "=50 and S 2 (!5, 


100 > 50 
(lOb-SO) 2 05 


-.:i7-7 


When e.stimating the |X)roHity of a Hand, an large a sainplii as 
possible should be used, and prior to testing it should Ik* rammed, 
compressed, or otherwis** treated so as to bring it as nearly as 
possible to the condition in which it will be used ; otherwise serious 
discrepancicH may occur. 
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Permeability is the facility with which gases .and liquids pass 
through a material. The jxTmeability of sands to liquids and 
gases is an important property where sands are used for filters, 
moulding, etc. It depends chiefly on the size and shape of the 
particles and on tlu; amount of clayey matter present. The most 
permeable sands an; thosa with rounded grains of uniform and 
moderately largo size, and with the smallest possible percentage 
of clay. The presence of singular part'icles, small grains, or clay 
reduces the permeability roughly in proportion to the amount 
prtisent. 

Magnetic Properties.—The magnetic properties of sands depend 
very larg(!ly on the nature of the constituent grains. A i)ure 
quartzosc sand is non-magn(dic, as the constituent grains of quartz 
are not attracted by a magnet. Some of the impurities in sands 
arc, however, magnetic to varying extents. Table XLI. shows the 
relative magnetu^ |K)wer.s of some of the j)rincipal minerals found in 
sands. 

Taulk Xl.I.—M aonktic I’kockrtoos of Minkhals 


illRhly Magnrtii-. 

MtitlnmU'ly 

Magnetic. 

I'oolily 

Madnvtlc. 

AlmoHt Noii-iiiugiiotii’. 

Magnetito. 

Titanoforrito. 

llmcniio. 

Pyrrhotito. 

HofnnuUtc. 

KyjKH'atheno. 

Augite. 

<Jarnot. 

SideriU^. 

OliviiK'. 

.Homhlondo. 

Chromito. 

ChloriU'. 

Staiirolite. 

Kpidoto 

f,<iinonito. 

Actinollte. 

Kyanito. 

Zircon. 

C’oniinluin. 

< lalona. 

Fluorite. 

Pyrito, 

Cassitorito. 

Hutilo. 

IlaryU’S. 

Moat iron-froo 
minerula. 


Electrical Conductivity.-—The conductivity of sands for electricity 
varies according to ttu' nature of the constituents present (see 
Table XLll.). 

Taiu.k XLI I. Ki.kctrical Conocctivity 


Uooil Coiutuctora. 

MtHlcmto (.'uuductora. 

Bail Ceiiductori!. 

Magnetite. 

'J'itaniferouB magiu'tito. 
Magnetic haematite. 
Pvrrhotito. • 
Chromite, 
llmcuito. 

Haematite. 

Wolframite. •• 

^inel. 

|i*erriferou8 cossiteritc. 
Tantalitc. 

Iron pyrites. 

Gold. 

Ferriferous amphiboles 
and pyroxenes. 
Biotite. 

Xounnolino. 

Titanite. 

Kutile. 

Anatase. 

Brookite. 

Cossiterite. 

vSiderite. Phlogopite. 

Xenotime. Muscovite. 
Kpidotu. TremoUte. 
Olivine. Apatite. 

Staurolitc. Andalusite. 
Garnet. Sillimanitor 

Monazite. Fluorite. 
Gy{»um. Diamond. 
Quartz. Topaz. 

Chalcedony. Spinel. 
Felspars. Kyanite. 
C^cito. Corundum. 

Dolomite. Celestite. 
Cordierite. Zircon. 
Barytes. 
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The electrical conductivity of some of the constituents of sand 
is of great value in its purification. This property is dealt with 
in greater detail in Chapter IX. 

VlMostty.—The viscosity or resistance to flow of sands is some¬ 
times very important. It depends on the size and shape of the 
particles. A sand consisting of angular-grains will l)e very viscous, 
as tfjc grains will interlock; but a sand consisting of rounded grains 
will flow easily, as the grains slide over each other quite readily. 
Thus, some’of the Buntcr sands will flow through the fingers like 
shot on account of the roundness of the particles. The viscosity 
of a sand is also dejrendent, to some extent, on the amount of clay 
present in it. If there is sufficient plastic clay to coat each particle 
of non-plastic material, the sand may be beid together in a fairly 
strong cohesive mass, whereas if the clay were not present the sand 
would be incoherent and less viscous. Sands containing various 
proportions of clayey matter are suitable for different purposes, 
such as moulding, whilst for other purposes, such as for use as 
building sand, the cohesion of the particles is very undesirable. 

The viscosity of a sand may be strikingly shown by fastening 
a thin piece of cigarette paper over the lower end of a long vertiew 
glass tube, into which sand is then poured. The sand will not press 
with sufficient weight on to the paper to break it; and even if 
a heavily w'eighted plunger is applied to the sand the paper will not 
be damaged. The viscosity of the sand and the interlocking of the 
grains cn^ate so great a horizontal pressure that the full pressure 
is not applied to the paj)er. 

Toughness.—The toughness of a sand depends on the proportion 
of clayey matter present, and is an important' factor in some in¬ 
dustries, especially in foundry practice. This property is dealt with 
in greater detail in \^ol. II. Chapter VI. 

Deformabtllty,—The deformability of a sand is the force required 
to effect a definite alteration in its shape. This is dependent on 
the cohesion of the sand, and on the proportion of clay present; 
it is an important property in moulding sands (see Vol. II. 
Chapter VI.). 

Compressive Strength. —^The compressive strength of a sand 
depends on the size and shape of the particles and the amount 
of binding material present. Sands with angular grains will have 
a greater compressive strength than those with rounded ones, 
as the particles will interlock and flow less readily. Clay, if present, 
wfll bind the particles of sand together, and so increase the com¬ 
pressive stren^h to an extent corresponding roughlj; to the pro¬ 
portion of clay present. The crushing strei^h is least with wet 
sand, rather greater with dry sand, and greatest after the sand 
has been bak^. These increases in strength are due solely to the 
corresponding changes in the clay present in the sand. 


VOt. I 


Q 
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Refbactory Properties of Sands 

The properties of sands when heated to high temperatures are 
very important for some of the purposes for which sands are used. 

When amorjilious silica is heated, it is slowly converted into the 
crystalline form. This conversion is hastened by pressure, or by 
the pres(mce of fluxes such as sodium carbonate, fluoride, silicate, 
etc., as w<'ll ns by sodium*tungstate and alkali phosphates. The 
action of heat on crystallino silica (quartz) has the eff(!ct of producing 
other ailotro|)ic forms; thus, when quartz is heated to a temperature 
of 200“-275‘' (I. a change occurs and u-quartz is produced. On 
heating to 575" 0., the n-quartz is converted into /f-quartz. This 
change is accompanied by considerable changes in the properties 
of th(! quartz, and there is also, according to V^itc, an endothermal 
reaction of 4-3 cal. gr. per gram, /f-quartz crystallises in the 
hexagonal system, and consequently can bo discriminated from 
a-quartz when examined under polarised light. The transformation 
is reversible, and if the quartz is cooled, it is reconverted into the 
ii-state, which is slightly different from the natural quartz. 

If the heating is continued above 575° G., a further change in 
ailotroj)ic form occurs and cristobalite or tridymite is produced, 
particularly at 1100°-1300° C., though there is a considerable 
amount of uncertainty as to tla; conditions under which these 
two allotropie forms are. produced. The rate of (Muiversion depends 
largely on the size of the particles, as well as on the temjieraturc 
and duration of heating, as small grains are converted into tridymite 
and cristobalite much more rapidly than larger particles. For the 
same reason, amorphous silica is mon; rapidly converted than 
crystalline quartz, as the minute grains of the former are more 
easily affected by heat. 

Table XLIII.’ shows the specific gravity of various forms of 
silica after repeated heating. The specific gravity is a reliable 
teat of the amount of conversion, and it will be seen that the 
amorphous forms of silica attain a maximum specific gravity very 
quickly, whilst the crystalline forma invert much more slowly. 

Whilst it is jmssible to produce tridymite and cristobalite by 
heating quartz or free silica alone, the action is very slow ; it is 
hastened by. the presence of impurities in the sand, so that the 
conversion is'much more rapid in the presence of fluxes than in 
a pure quartzose sand. 

EOset of Impurities on Inversion. —Le Chatelier and B. Bogitch 
have shown that the various non-siliceous materials which increase 
the rapidity of conversion may be classified as follows: 

(i.) Molten silicates {i.e. fusible substances which at the tempera¬ 
ture of heating become molten) which dissolve the quartz grains 
and cause the silica to recrystallise as tridymite at about 1200° C. 
Tie same substances, on prolonged heating, dissolve some of the 

‘ Bieke and Endell, Silikai-Zeittchrifl, 1913, No. 2. 



Table XLIII.—Kffect of Repeated Hkatinc; on Silica 
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tridymite and cause it to reorystallise at a temperature of 1500° C. 
as cristobalite. 

(ii.) Other natural impurities which may not melt, yet increase 
the rapidity of conversion. 

(iii.) Foreign vapours which diffuse into the grains and so 
increase the rate of conversion. The vapours of some iron com¬ 
pounds are very active in this direction, as is shown by the fiction 
of flue-dust upon siliceoui'materials. 

The action of molten materials in hastening the conversion 
depends to some extent 0 !i the viscosity of the liquid. The more 
viscous the molten material the slower is the reaction, whilst, 
conversely, a very fluid liquid increases the velocity of the con¬ 
version. For this reason, molten calcium silicates, which are 
extremely mobile, greatly increase the speed of conversion ; some¬ 
times the speed is so great that the quartz is converted directly 
into cristobalite without any tridymite being formed. 

Seaver has found that, under the conditions necessary to 
convert 48-95 per cent of the silica in silica bricks in the absence 
of lime, no less than 77-35 per cent would bo converted if lime 
were present. The relative activity of various impurities in hasten¬ 
ing the conversion of the silica is given by A. Scott as follows, in 
their order of merit -. 

Iron oxide, lime, jnagnesia, titanic oxide, alumina, sodium and 
potassium silicati's, chlorides, and carbonates. 

Sodium tungstate, sodium phosphate, and lithium chloride also 
appear to facilitate the conversion of quartz into tridymite. 

In most case^, though not in all, the presence of more than 
one oxide renders the conversion more rapid than if only one is 
present. 

Effect ot Temperature on Inversion.—Although a high tempera¬ 
ture increases the rapidity with which the conversion takes place, 
it is not essential, as, provided the duration of the heating is 
sufflciently long, the whole of the silica may be completely converted 
at the lowest temperature at which the conversion commences, 
Ferguson and Merwin found that the minimum temperature 
necessary for the conversion of quartz into tridymite is 870° C., 
the rate increasing with the temperature. At a temperature of 
about 1300° C. the reaction is fairly rapid, and at 1410°-1435° C. 
it attains a-maxiraum rapidity. Bieke and Ended confirmed these 
figures, but found that a considerable amount of conversion occurs 
below 1000° C.; they could not find any definite temperature 
which could be described as a minimum, owing to the slowness 
of the reaction. 

When tridymite is heated to a temperature of 1470° C. or over, 
it tends to be converted into cristobalite. 

The formation of cristobalite is a subimt of much controversy. 
At the temperature mentioned above, C. N. Fenner stated that,.; 
only cristobalite is formed, even when fluxes, which are supposedf 
to favour the formation of tridymite, ate present. Day and-; 
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Lacroix have produced cristobalite by heating to a temprature 
of about. 1600° C., whilst above this temperature Endell has pro¬ 
duced cristobaUtc in the. presence of lime, alumina, and iron 
oxides. Minute particles of carbon ap}K-ar to facilitate the ])n)- 
duction of cristobalite by acting as nuclei aniund which the crystals 
forny • 

Insley and Klein claim ^hat when silica is heated, cristobalite 
is always produced first, but that after prolonged lu-ating at 
temperatures below 1470° tridymite may be formed. Uleiningt*r 
and Ross have found that at 15(X)° C. about !K) js>r cent of the 
silica in silica bricks is converted into cristobalite, but Scuver 
found practically no tridymite at 1(530° V. 

Table XLIV., due to St'aver, shows the efiect of heating coarsely 
ground quartz to a tenqs'ratuie of U.IO" ('. for forty hours one 
or more times: * 


Taslk XLIV.. Kffkct of Kkat on Coahsk .Sii.ica 


Treatmeut. 


I'erffiitAKf of Quartz 
anil Calt^ium Sllit’afx*. 


('rlHtobalitc. 


After first firing . 
Aft^r second firing 


50-67 4K-tt6 

;U-38 • «8-tt2 


If the quartz is more finely ground, as in the <^asc of that used 
for the manufacture of silica bricks, a much •greater conversion 
takes place, as is shown in Table XLV., due to the same worker. 


Table XLV. —Kfff,ct of Heat on Fine Silica. 


Treatment. 

Fcrcentage of Quartz 
and Calcium Hificatc. 

CriiitolNUlte. 

Alter first firing . 


22 (15 

77-sr. 

After second firing 


i7-i:t 

82-87 

Alter third firing 


1602 

. 83-08 


H. Le Chatelier regards cristobalite as metastable alkali tempera- 
tnre| below its fusing point, and suggests that it is only formed 
under special conditions, and that it reverts to tridymite when 
such conditions are not present. 

FiulbUlty.—When any of the-, three forms of silica mentioned 
fire heated to a sufficiently high temprature they are converted 
into amorphous (fused) siliea. If tne heating of the silica is 
sufficiently slow, the material may p^ through its various alio- 





m REfRACTORY PROPERpES OP SANDS 

tropic forms before fusion, but where the heating is very rapid, 
fusion may take place direct from the quartz, the formation of 
other allotropic forms not being recognisabJe. The temperature 
at which silica fus(\s de)x;nds uj)on the proportion of impurities 
present and on the size of the pieces of materiaJ. When in a finely 
|)nwd(!red state and heated slowly, pure quartz fuses at qbout 
iaKJ° (!., pure tridvniite at 1670° and pure cristobalite at 
Ut\r ( '. • 

When fused silica is cooled slowly, it reverts into one or other 
of the allotropic forms of crystalline siiica, but if cooled rapidly 
it may solidify without reversion. The latter is the more general 
action, but if the glass is maintained for a long period at a tempera¬ 
ture above l(K)0" ('. but below its melting point, crystallisation 
takes place and cristobalite may bo formed. Several hours’ heating 
at l.')00° (j. will effect this change. The reversion to tridymite 
may akso ocrair if tlu; conditions are suitabh'. Ix^ (.lhatelier found 
that, on b<nng maintained for twenty days at a tem|XTature of about 
800° (!., silica reverted to tridymite, whilst Day and Shepherd and 
Brun have also found that in the presence of a “ mineraliscr ” 
the ^reversion was effected fairly easily at temperatures biitween 
800° and 1500° ('., thus confirming Fenner’s statement that silica 
is converted to tridymite between 800° C. and 1470° 0. 

Fu.sed silica will not revert to quartz by simple (noling, but in 
the presemee of a " mineraliscr ” a prolonged heating at a tempera¬ 
ture between 3(K)° (!. and 750° will effect the change,; the 
temperature must not rise above 800° C. 

Table XLVI., due to Fenner, shows the changes which silica 
undergoes when heated and cooled : 


Tabi.b XbVI.- -Inversion of SnjCA 


Tempemturf'. 

Proiluct. 

. . 


On heating to about 200® C. 

a-quartz (hexagonal tetratohedric). 

075» 0. . 

ji(*quartz (hexagonal hemihedric). 

„ „ 870° 0. . 

/3-tridymito (hexagonal). 

„ 1470° C. . 

P-cristobalite (hexagonal). 

On cooling, the same products are 
formed in«the reverse order 
down to 270® C., after w'hich : 
From 270® C. to 180® C. . 

/S'Cristobalite changes to o*criatobaUte. 

120°C. to I15»C. . 

/^•tridymite changes to a-tridyroite, 
and then very slowly into quartz. 



The fusibility of a sand depends on the amoimt of silica and 
other materials present. Thus, whilst a quartzose sand melts 
at a temperature between 1500° and 1670° C., a sand containing 
a large proportion of mica or felspar will melt at a very much lower 
temperature. Table XLVII. snows the refractoriness of the 
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irincipal minerals likely to occur in sand, so that their effect may 
le roughly estimated acconling to the anunmt present; 


Tahi.k XhVli. -Fcsibii.ity ok Vaiuou's MiNKiiAts 




.•. 


Albito 

ii:(5i-.>l.'> 

Hiunnntito 

IXm. 14(H) 

] Anorthito . 

12r>0.|350 

Hornblantlo . 

1180-1220 


i27u.i:too 

Kaolinito 

1740 

1 Au^ite .... 

1145.1150 

Labrndorilt* . 

124.7-1200, 

1 liftrvtos 


Lepidolitii 

02.7 045 

BervI .... 

1410-14.10 


1100-12.70 

■ Calcito 

2570 

Musaovilc 

12.7.7-1200 

(.’haloedonv 

1500 

Napbcliiu* 

11801210 

Chromito 

IS50 

Ollvina .... 

i:iS0.1410 

(’oninduin . 

I'nO-lSOO 

(IrllKK’btw 

11)10 

DiHinond 

Infurt. 

Quartz .... 

1.700 

Knstatite 

1380.1400 1 

But ill* .... 

15(10 

Kpidotft 

1250 

Silliinanite 

ISKl 

Flint .... 

1470 

Spimd .... 

1300 

KtuorHpar . 

1378 

'rilaniU' 

1200-1230 

(jamet 

11.70 


1000-1100 

(sypHiirii 

1300 

Zirfoii .... 

lOOO 


Owing to its eoni])osite nature ami the low thennal eondiudivity 
of th(‘ material, most .sand d(K‘s not melt at a deiinite temperature 
as would a pure chemical coni])ound, Imt |)asscs through a softening 
stage, which may Ix^ more or less prolonged according to the sire 
of the particles and the natun^ of the materials present. This 
softening stage is the jxTiod intervening between th(^ time when 
the most fusible constituents begin to melt and the time when 
the whole mass Ixicomes fluid, and it is increa.sed with large particles, 
as they rerpiire a longer time for the heat to fX'netraU’ them than 
is needetl for smaller particles. , 

The softening stage is also increased by the time reepnred for 
the inversion of quartz into one or more of the other allotropic 
forms of silica, which are formed whim it is heated. 

The temperature differences at which these* numerous changes 
occur vary with each sand ; thus, a sand rich in nxignesium com¬ 
pounds has a longer softening range than one containing an 
equivalent proportion of lime. Felspar begins to show signs of 
fusion at about 1190° C., but is not completely fused Ijclow 13fX)° C., 
though if other impurities, such as lime compounds, are also present, 
complete fusion may occur at a temperature of only alwut 1200° C. 
Lime alone is almost infusible, but when present in sand it forms 
fusible compounds, some of which melt at a dull-nxl heat. 

In considering the above table of fusibilities, it must be 
clearly understood that although a single temperature may be 
given for a compound likely to occur in sands, this is necessarily 
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only approximate, for the reason just given, and a fusion range 
would be more accurate than a single fusion point. In some cases, 
fusion may commence at a temperature of only 600° C., but may 
not be completed until 1200° C. is reached. 

When an impure sand is heated, a reaction commences between 
the sand or siliceous matter and the alkalies, a fusible silicate 
being formed; the lime next enters >into combination and is 
rapidly followed by the 'iron. The finer particles of fusible 
minerals fuse next, and as the volume of fluid increases with the 
rise in temjierature the fluid attacks the larger particles of fusible 
material, then the coarser particles of quartz, felspar, etc., until 
only the largest particles of the most heat-resisting materials are 
left. These are only fused on prolonged heating at a sufficiently 
high temperature. 

The action of various impurities on the refractoriness of silica 
has been described in Chapter IV. It may be summarised by 
stating that most of the impurities likely to occur in sands lower 
the refractoriness to an extent which depends on the nature of 
the impurity. In large proportions, some minerals such as alumina 
may increase the refractoriness, but they are seldom present in 
sufficient quantity to do this, so that it is a fairly safe rule that the 
most refractory sands are those which consist of pure quartz, 
and that the presence of any substance other than crystalline 
silica tends to lower the refractoriness of the sand. According 
to Richter and Bischof the proportions of various fluxes which 
effect an equal reduction of the refractoriness are as follows: 

Magnesia 20, lime 28, potash 47, soda 31, and red iron oxide 40. 

It will be seen that, weight for weight, magnesia is the most 
active of these materials, and iron oxide has the least effect unless 
it is reduced to the ferrous state, when it becomes a powerful flux. 
On comparing these figures with the respective molecular weights, 
it will be seen that approximately 2 molecules of magnesia are 
equal in effect to 1 molecule of lime, 1 molecule of potash, 1 mole-'^ 
cule of soda, and J molecule ot red ferric oxide or 1 molecule of 
ferrous oxide. Hence, with the exception of magnesia (which has 
not been explained) and of ferric oxide (which is, however, normal 
under reducing conditions), the effect of the oxides mentioned on 
the refractoriness of sands containing them is almost exactly pro¬ 
portional to the molecular weight of the oxides. It must be 
remembered, however, that magnesia is ve^ slow in action and 
is therefore less dangerous than lime as an impurity. Unfortunately 
the figures given above by Richter and Bischof are not very 
reliable, as the relative activity does not depend solely on the pro¬ 
portion of any material present, but is influenced by the presence 
of other substances. Hence the relative activity of fluxes on 
quartz is not the same as on a mixture of quartz and cla^, or on 
^y itself, wlulst in a mixture rich in silicates, magnesia acta 
only as a flux up to 6 per cent, after which it has a refractory 
ef^t. 
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It i« not at present possible to ascertain, without an actual 
test, at .what temperature a sand will become fluid, as so many 
factors have to be taken into consideration, including the materials 
present, their proportions, the sizes of the particles, duration of 
heating, etc. 

j/oluiiie Changes on Heating.—The various allotropic changes 
which occur when silica ,j.s heated involve certain changes in 
volume on account of the diffcnmcc'^in the sjx'cilic gravity of 
the various forms of silica. These volume changes are often of 
little importance, but where sands or crushed rocks arc u.st'd in 
the manufacture of bricks they may ha\'e a .serious effect on the 
expansion of the brickwork, and therefore on the stal)ility of the 
structure. 

At temperatures lower than 1(X)“ C. quartz has a co<^flicicnt 
of expansion whicn is nearly twice as great in a direction 
pt^rpendicular to its axis as in one parallel to it. When «-qunrtz 
is converted into /i-quartz at STS" C. there is a change in volume 
of about 1-4 per cent: on further heating to STO" ('. a further 
increase in volume of 14-l() jkt cent occurs, the low-teiiqK-rature 
forms of silica lieing formed. 

Table XLVIII. shows the vohnne change's involved in the 
various allotropic changes of silica: 


Taiu.k XLVIJI. Changes in Voi.'ime or SiucA 



V'ariulioii in VoIuiik'. 


Invention. 

lie version. 

Quartz ^ tridymit© .... 

-i 16 jxircont 

- 14 per cent 

Quartz ^ rristobalite 

+ 14 

- *2 

^Quartz ^ fused silica 

<20 ., . 

- 17 

Tridymite ^ criatobalite . 

- 2-2 

t 2-2 

Tridymite ^ fused silica . 

+ 31 

- 31 „ 

Cristobalite ^ fused silica 

i n-4 ,. 

- fi '2 

- .. 


Besides the volume changes due to the formation of differen 
allotropic varieties of silica, there is also a reversible expansioi 
due to heating and cooling. Quartz expands rapidly up to 560° C 
Another very large expansion takes place between 5W° and 690° C. 
this being partly due to the change to an allotropic form, but afte 
heating to 600° C. no further expansion takes place and sometimei 
a little contraction occurs. On cooling, a very marked contractioi 
occurs, just below 600° C., on account of the reversion of the quart; 
to the a>8tate. 






234 REFRACTORY PROPERTIES OF SANDS 

• « 

There is a remarkable dilference in the coefficient of expansion 
of the various forms of silica, the variations being shown in Fig. 17 



0 soo lOOO^C. 


TEMPERATURE Of HEATING 

Kui, 17.—Volume ehiingeB of Milica on heating. 

as the rc.siilks of determinations made by Chatclier and Holborn 
and Henning rea|x!ctivcly. The mean coefficient of expansion of 
silica bf'tween li° C. and 1000° C. is O GS. 









OHAPrKH V[ 

THE EXAMINATION AND TESTING OF SANDS 

Wjiknevkb a material is used wliieli oeeiirs in a natural state it 
is usually subject to variations in eliaiaet<*r wlii<'li may utt»*rly 
spoil it for the purposes (or wliieh it is employed. 'Pile sands 
used in various ind>istries ouf'ht, therefore, to Ik‘ tested in smdi 
a manner os to minimise the losses which would otherwise result 
from the use of unsuitable sand. 'Plie neee.ssity for some form 
of testing is reeogni.sed by some users, though some of the “ testa ” 
applied are very crude and limittal in seo|H-. On the other hand, 
most users have generally failed to recognise the necessity for inont 
eomj)lete knowledge! of the sands they employ, and many of them 
are in eonseepienee paying more, dearly for their sands than would 
Ik! the ease if they were purchased as the result of proper t<*sts. 
A particularly striking example occurred recently in the exja'rienee 
of the author, in which a firm were pur(!hasing sand from 140 miles' 
distance, when a sand more suitabu! for their ])urpose. Init of less 
attractive ap|3earance, could l»e obtained from a pit close to the 
works. In this instance a certain amount of |)rej!uli(!e (ixisted, 
for the foreman was accustomed to a particular sand and did not 
see lit to change when he entered the employment of another firm. 
It was only when the characteristics of the two sands were closely 
compared and their practical identity was proved, that they were 
used with success on a commercial scale. 

The lack of information on the subject of testing makes it 
difficult to formulate a complete series of tests, and not only do 
the requirements of different works differ very greatly, but the 
idiosyncrasies of different workers must also be considercsl. For 
instance, in a certain foundry well known to the author, three 
different moulders used three different sands and could not, for 
a long time, be persuaded to change. Even that piost cruel test 
of all—the secret substitution of one sand for another--failed to 
overcome the difficulty as soon os the substitution was discovered, 
though during the three months it remained unknowm no note¬ 
worthy troubles occurred! 

Sampling.— In testing sand for any purpose it is of course 
essential that the sample to be exarain^ should be represtmtativo 
of the whole deposit, or at any rate of that portion of it which is 

235 



SAMPLING 


m 

to used. Yet only too often is a small portion of the material 
picM up haphazard and sent for examination regardless of whether 
it is representative or not. Consequently it "frequently hap^ns 
that a “ sample” of so heterogeneous a material as sand gives 
results which are not and cannot be by any means t^^jical of the 
material from which it waS taken. An examination of such an 
anrepresentativo “ sample ” is of coursf useless; in many cases 
it may be wor.se than useless, as a material may be unjustly con- 
lemned or unfairly favoured as a result of such an examination. 
The fault in such cases does not lie with the tests, but with those 
who do not take sufficient care to obtain a proper sample. It 
sannot be too strongly urged, when a sand is to be examined mth 
a view to determining its value as a commercial commodity, that 
the sample provided should be .sufficiently large and sufficiently 
(sarefully chosen to be representative of the whole of the deposit. 
If it is impossible to obtain a single sample of such a character, 
a sufficient number of samples should be taken, the number 
necessarily depending upon the variability of the deposit. By this 
meanh it is possible to get a" fairly reliable idea as to the nature 
of any detrital deposit, and the results of an examination will be^ 
sufficiently representative. 

When testing a deposit or bed of sand, the surface layer should 
be avoided, as it is liable to serious variation in composition on 
account of contamination. The best method is to uncover the 
bed to a convenient depth, and then to cut a vertical face with a 
spade and from the material so removed to secure a representative 
sample. To ensure this, a method of " quartering ” is commonly 
used, and when systematically carried' out it is quite satisfactory. 
The principle involved is that if a sufficient quantity of well-mixed 
material be itself well mixed and a considerable portion of it be 
removed, this portion again mixed and another portion abstracted, 
the process being repeated until a sufficiently small quantity has 
been obtained, the resulting sample will, as far as possible, truly 
represent the composition of the whole bulk. It is usual to take 
one-quarter of the mass in each abstraction, but in some cases 
one-eighth or even one-twelfth wilt be found to yield accurate 
results. Thus, if the original material to be examined represents a 
bulk of about ten tons, it should be mixed as thoroughly as possible, 
piled into a sj-mmetrical heap, and divided into four quarters. 
One of these quarters is then removed, again mixed thoroughly, 
divided into quarters as before, and one quarter again separated 
This process is repeated^ until a “ quarter ” weighing about 10 lb 
is obtained, unless a lar^r quantity is desired, when the quarterin| 
need not proceed so far. 

This process is baaed on the assumption that the material cai 
be thoroughly mixed prior to each quartering. This is only th« 
case where the material consists of small particles ; if it is in lumps 
these must be broken sufficiently small and, when the bulk has b^ 
reduced by quartering, one of the ” quarters ” must be ground 
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roughly quartered a^ain, and the operations of grinding and quarter¬ 
ing be. repeated until a sample of requisite size is obtained. If the 
raw material is in the form of a sandstone rock or contains hard 
pieces of considerable size, it is necessary to’grind it so that it will 
pass completely through a lO-mesh screen before making the last 
few quartering, and the chemist who undertakes the anal,\’8i8 
01 * other tests of the material may have to grind the sample still 
further before he can itse it; cqnsfquently, he should always 
be supplied with at least 7 lb. of the sample in the form of a rough 
powder. If the heap is so large that to take one quarter of. it is 
impracticable, the only other reliable method is to take a large 
number of samples, each weighing about 4 lb., from many parts 
of "the heap and to mix them thoroughly before quartering as 
described above. Unless the material is reduced to a fairly line 
state of division, the quartering will be inacTurate, as the material 
cannot be mixed with sufficient accuracy. 

The smaller the particles of the material the more accurate 
will be the result of sampling by quartt'ring, and the more repre¬ 
sentative will be the samjde. (.'onsequentl.v, if no examination 
is to be made of the sizes of the grains it is usually desirable to 
’grind the material to fmwdcr before completing the quartering. 
Even when it is not desired to grind the sand, it is sometimM 
advantageous to employ a mechanical mixing machine. Those 
most usually employed consist of a stationary case in whieh paddles 
or blades are fixed* on a shaft in an irregtdar manner, and are so 
arranged that when the shaft is rotated the blades mix the material 
thoroughly. Some investigators consider that a small rotary 
cylinder containing glass marbles or preferablj'' small quartz pebbles 
gives a better mixing effect, but the jjossibility of grinding the 
softer grains and of contaminating the product must not be over¬ 
looked. 

When it is desired to determine the ferrous oxide in a material 
the sample should not be ground very fine, as unnecessary grinding 
causes oxidation of the material by exposing it unduly to air. 
It is very important that sand should, as far as jmssible, be tested 
in its natural condition, and care should be taken that Ha moisture 
is not evaporated in transit, as its proportion may be important. 
Where possible, the sample obtained should be placed at once in 
air-tight tins or jars, and no undue delay should bq incurred before 
it reaches the testing station. 

Phosphor-bronze sieves are generally used to sift the material, ; 
but they may introduce metallic impurities. ^ 

Chemical Anaiysls.—The details of the various methods of 
analysis of sands are of so complicated a nature and require so high 
a degree of manipulative skill in their execution that they cannot 
be profitably dealt with here. Readers who wish to experiment 
in fliis direction should refer to A Treatise on QvarUiUUive Inor¬ 
ganic Analysis, by J. W. Mellor, but they must not be disappointed 
if, after many attempts, they do not obtain such accurate resulta 
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« they require. At the same time it is important that those 
ssponsibic for the use of sands should be able to understand and 
lake use of the information contained in an analytical report, 
0 that the notes given on pp. 202-203 should be carefully studied, 
’he (constituents usually determined in the chemical analysis of 
sand are moisture, loss on ignition at about 050° C., silica, titanic 
xide, alumina, ferric oxide, lime, ma^esia, soda, and potash, 
lometimes the jKtreentage ot sulphur (as SO 3 ) and of chlorine are 
,lso determined, and in sands which may contain other substances 
if importance a determination of theese constituents should be 
nadc. From what has keen stated in earlier pages it will be realised 
hat many minerals are decomposed on chemical analysis, and 
heir constituents are reported as silica, alumina, (?tc. (Sf!C also 
Mechankul Anulyms, ]i. 230, and Rational Analysis, p. 230.) 

Many pccople who arc unable to make an analysis of a sand 
ind it convenient to be able to determine the moisture and loss 
m ignition. 

jWoMiare.—The amount of moisture in a sand is sometimes 
very important, csjaccially is moulding sands used for casting 
metals. To determine the moisture content accurately, a weighing 
bottle which is fitted with a glass stopptir is carefully cleaned," 
wiped dry, and then dried in a special oven, which is maintained 
aecurately at a tem|)orature of 110 ° C. by means of a thermostat 
gas-regulator. When comjiletely dry, the winghing bottle is cooled 
in a desiccator and then weighed aecurately. About 3 gr. of the 
sample is placed in the bottle, the stopper is replaced in the latter, 
and the bottle with its contents is re-wcighc(i. The increase in 
weight gives tlie weight of sand in the bottle. 

The bottle is now taken to the oven, its stopper is removed 
and placed on a glazed tile on the oven shelf, and the bottle with 
its contents is placed beside it, the bottle being covered with a 
small piece of filter-paper to keep any dust from settling into it. 
The oven door is closed and the oven with its contents is maintained 
accurately at 110 ° C. for some time, after which the bottle and 
contents are cooled as before and re-weighed. The loss in weight 
will be the weight of moisture in the sample. 

To ensure the whole of the moisture having been removed, 
the bottle is replaced in the oven as before, and after a further 
period of drying for at least one hour, it is again cooled in a desiccator 
and re-weighed. If any further loss of weight occurs it shows 
that the sample has not been fully dried, and the drying, cooling, 
and re-weighing must be repeated until a constant weight is 
obtained. 

This weight, less that of the bottle and contents previous to 
drying, is the amount of moisture in the weight of material used. 

The record of the results may conveniently be kept in the form 
shown on the next page. 
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Exahtix ! 

Weight of Iwttle and Hand.H-ii7a4 

Weight of iKjttle.tM2l3 

Woiglit of clay used .i Tiatl 

Weight of boltle and sand iw'foro (irying H «7.H 

Weigiit of bottle and sand after drying * . . . 

Moisture in weight df sand used . h lMIlS 


Hence 2*5541 gr. »nn<l contain (t•24M8 gr. inoistun*. 

Moisture =-■ 9*54 jier cent. 

Um on lyniilon.—Tho figure rcporti'd as " L)ss uii Ignition " 
imlioatos the weight lost wh(ui the sample has la-en heatisl to bright 
redness for several hours. During this heating some minerals 
(such us elav) are deeompo.sed, and evolve watei' whi(di esea|)eH 
as steam and is lost. Any organic^ mattr'f present will hum away 
ami will also lx; included in the " loss on ignition." If any finely 
divided carbonate is pies(‘nt. it may lo.se sonu' or all of its carbon 
dioxide. The figure obtained as " loijs on ignition " is therefcwe 
a eomjwsite one, and, though souudimes ditficidt to inb'rpret, its 
determination is often useful. 

This test may Im> made by transferring the samide used in the ■ 
drying test (]>. 238) to a small weighed jM)rcelain or ]ilatinum 
crucible and heating it in a small muffle furnace for one hour 
or so, after which it is allowed to cool in a ilesieeator and is then 
weighed. The emeible with its eontsmts should then Ik^ rtdu’attal 
for about half an hour, again allowed to cool as Isdore, ami re¬ 
weighed. If any further loss has occurred, tl«- whole of the car¬ 
bonaceous matti'r, etc., in the sample has not Ixen removed, and 
the heating must lx* continued until a constant weight is obtained. 
The total loss in weight, expressed as a percentage of the weight of 
the original sample, is then caleulated i)y multiplying the loss by 
100 and dividing by* the weight of the samj)le used in the text. 

Mechanical Analysis.—When it is desired to know the projair- 
tions of the various sizes of grains present in a sand, a moihanieal 
analysis is made ; this is dealt with later under the heading 
Orading Tests. 

A mechanical analysis is very valuable for many of the purpof^s 
for which sands are used, especially in agriculture, and in the 
selection of sands for glass-making and for casting metals. 

Rational Analysis.—A method commonly known as “ rational 
analysis ” is sometimes applied to sands in order to show the pro¬ 
portions of the different minerals present. As these* minerals are 
not definitely identified in a rational analysis, the term is some¬ 
what of a misnomer, and the process is not reliable except under 

unusual circumstances. , . . . *• 

The method of making a rational analysis consists m treating 
a weighed amount of sand with hot concentrated sulphuric acid 
for a considerable time. The mixture is then allowed to cool; 




. 

it is diluted with water and filtered,'thfr ifesidue being treated 
several times with boiling solutions of caustic soda and hydro- 
chloric acid. The matter dissolved by this treatment is presumed 
to be wholly “clay.” The residue finally obtained (consisting 
chiefly of felspar and quartz) is dried and weighed. It is then 
treated with hydrofluoric apid, which removes the sihea, the solution 
being analysed for alumina, lime, soda, and potash, from which 
the amount of felspar and quartz may be determined. 

The chief objections to and sources of error in this process are; 
(i.) the whole of the clay present may not be decomposed, though 
where only a small percentage of clayey matter occurs, as in most 
sands, there is less risk of incomplete decomjrosition; (ii.) the 
decomposed products of the treatment with sulphuric acid may 
not be entirely removed from the residue, thus increasing the 
felspar percentage and decreasing the amount,of “ clay ” present; 
(iii.) some of the felspar and quartz if in a fine state of division 
may be lost; (iv.) other minerals, apart from clay, may be attacked 
and partially dissolved, thus increasing the amount of “ clay.” 

A greater or less quantity of felspar, hornblende, augite, biotite, 
andalusite, epidote, and muscovite may thus be included in the 
amount of clay reported as present (see p. 204); (v.) on account 
" of the heterogeneous nature of the sand, the value obtained for 
quartz does not represent the amount of free quartz present, but 
is probably higher than the correct figure ; neither does the value 
for felspar represent the proportion of felspar present, but is rather 
high, as the other impurities containing silica and alumina are not 
sufficiently taken into consideration. Hence a rational analvsis 
is only satisfactory in rare cases ; where minerals occur in widely 
different states of division, or where other minerals are present 
which arc attacked to about the same extent as clay and felspar, 
the results may contain a very large error and in some cases are 
quite useless. 

Re-oalculated Analysis.—^In many cases, results of more value 
than those obtained by a rational analysis may bo obtained by 
re-calculating the composition of the sand, as shown by chemiom 
analysis, so as to correspond to certain minerals assumed to be 
present. Thus, it may be assumed that the alkalies, lime, and 
magnesia are all in the form of felspar, and the alumina, together 
with the amount of silica corresponding to this assumed quantity 
of felspar, is then calculated. Any excess of alumina is next 
oalculatod as “ clay ” of the formula Al^Oj. 2SiO,. 2H,0, and the 
silica corresponding to this " clay,” together with that corresponding 
to the felspar, is deducted from the total silica; the remaining 
silioa is then assumed to be free quartz. 

In some sands the percentage of iron compounds is so large 
that it requires special consideration. As the most abundant iron 
compound in sands is limonite—a hydrated ferric hydroxide of 
somewhat variable composition (p. 189)—it is sometimes convenient 
and ttsuidly fairly accurate to calculate the iron oxide found by 
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chemical analysis to limonite, 2Fe,0,. SHjO. If an appreciable 
percentage of ferrous oxide is present it may be assumed to exist 
as FeO; HjO. 

This method gives results which aro often instructive, but they 
are subject to the serious objection that felajmrs do not contain 
magpesia and that in some sands the ba4es are present in the form 
of mica and other minerals.. 

Proximate Analysts.—The purpose df a proximate analysis is 
to state the proportions of various minerals actually present in 
the sand, as distinct from the results shown by chemical analysis. 
In the latter, the silica from the various minerals is inchidwl in 
a single figure, so that a chemical analysis often fails to show the 
nature and percentage of the impurities pn-sent. For example, 
a sand composed of IK) per cent of quartz ami 10 |)er cent of pure 
clay will contain 94K) j)er cent of silica, 3'!) per cent of alumina, 
and I-.') })er cent of water (loss on ignition). It might Ik' siipjaised 
that as there is 94'6 per cent of silica there could only be !i-4 j)er 
cent of impurities, but this is not the case, for 4'6 per cent of the 
silica forma part of the “ impurities*” and the total impurity 
amounts to 10 per cent. Similarly, a sand consisting of 1)0 j)er 
cent of quartz and 10 per cent of (orthoedase) felspar will show on 
analysis 96-.'5 per cent of silica, 1 -8 per cent of alumina, and 1 -7 per 
cent of potash, but the impurity will not Im> 3'.') \wt cent (the 
tigun; obtained by deducting the silica from 100) but 10 per cent, 
as ]iart of the silica belongs to the fels])ar. 

In most sands the conditions are much more complex, so that 
it is usually difficult, and often almost imjMiasihlc, to ascertain 
accurately their proximate composition. Four methods are 
available; 

1. A mechanical analysis (p. 239), which will separate some of 
the minerals from the remainder. 

2. A rational analysis (p. 239), which is, unfortunately, seldom 
reliable. 

3. A re-calculated analysis, which is only of use' when the com¬ 
position of the sand is comparativedy simple, and oven then is 
liable to be misleading (p. 240). 

4. A microscopical examination of the material as a whole, 

or of each of the grades into which it can be separated by mechanical 
ana^sis (see below). . ’ . u 

These methods, in conjunction with a chemical analysis of the 
material as a whole, or still better with a separate chemical analysis 
of each of the more important grades separated by mechanical 
analysis, or of the pieces picked out by the aid of a microscope, 
will give a sufficiently accurate idea of the approximate composition 
of the material to serve all practical purposes. 

If necessary, these methods are supplemented by special testa 
and by the use of methods of separation applicable to particular 
minerals. 

MtenMeopteal Analysis. —A systematic examination of a sand 

T B 
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under a microscope will give a good idea of the various minerals 
present and, roughly, the proportion of each, and the results of such 
an examination are often more accurate than those obtained by 
any other single method. The microscope is particularly valuable 
in identifying certain minerals, and it is the only means at present 
available of estimating thb amount of cristobalite, tridymite,,etc., 
in some heated silica rocks. , 

The mi<!rosco])ie examination requires the use of a good micro¬ 
scope magnifying u]) to about SIX) diameters (higher powers are 
seldom necessary), fitted with polarising apparatus, so that the 
characteristics of minerals in j)olarised light may bo examined. 
It is usually l)etter to examine the various grades separated by 
mechanical analysis than to confine the examination to an indis¬ 
criminate sample of the whole bulk. 

If the samph' has to be treated with water, in separating the 

E articles of various sizes any dust will have been removed from the 
ulk of the material ; otherwise, the sanijde should i)e stirred up 
with water and the water and the finest partides in .suspension 
should be poured off, or they may cause troubh; by masking the 
grains. These minute particles should be examined separately and 
not overlooked, as is frequently the case. 

The particles are placed on a suitabk? glass slide, and, if necessary, 
cemented by balsam or immersed in oil of cloves or other suitable 
medium. They .should then be examined first in natural and 
afterwards in |K)lari.scd light, so as to ascertain the proportions 
and the various <!haracteristic8 of the different minerals present. 
The identification of the various minerals presimt requires a certain 
amount of skill and knowledge of the particular characteristics 
possessed by different minerals, but after sufficient exj)erience has 
been gained, the commoner minerals may readily be identitied. 
To facilitate the examination, the sample should Ixs separated 
into grades by means of (o) sieves (p. 24ti) and (6) heavy liquids 
(p. 2,'j7), as the minute, amoq)hou8 particles of clay, etc., are in 
this way prevented from obscuring the other grains. The heavy 
minerals also enable the quartz—which constitutes the greater 
part of the sand—to be separated, and the minerals of greater 
specific gravity than quartz arc obtained in a highly concentrated 
form and so can bo easily examined. 

The various characteristics which should be observed include 
the shape and crystalline form of the grains, cleavage, fracture, 
enclosures, alteration, refractive index, pleotihroism, birefringence, 
extinction angle, interference figures, twinning, etc. The more 
important of the,se characteristics are describe in Chapter IV'., 
and from what is therein stated it is usually possible to identify 
all the common minerals. The characteristic properties of minerals 
which are difficult to determine have been omitted from this 
volume, as they are only seldom required. Further information 
thereon wilt be found in the leading text-books on mineralogy and 
petrology. 
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One of the most important characteristics which can l)e deter¬ 
mined microscopically is the refractive index. This is l)est 
determined by the use of various ii(|uids of known refrn<'tive index. 
The liijuids us<‘d must lx‘ carefully tested by means of u refraetomeL'r 
before use, so as to be sure that they are according to standard. 
Table XLIX., due to Schnx'der van dor Kolk, shows the refractive 
index of certain licpiids: 


Taiii.k XI.IX, - Rio'iiaitivk Imocks 


Miitfriul. 

Upl'nu-tiVf 

liidfx. 

.Matfriul. 

Uftrnrtivf 

hitli-x. 

- -— . 

.. ■ 


- ■ 

Kthylunu uhlorid” 

1 lot) 

Moiioln'oinbonzt'l . 

lotU 

Olive (>il .... 

1 ^tiil 

OrthoUiluidiiK* 

1 -rn I 

Honzol .... 

l■.50l 

.Anilino .... 

1 r)H:i 

C'lMlnrw'ood oil . 

1 ■.wri 

Bromofonu 

1 mi 

MonouhlorluMwol 

ir>2:i 

(.'iniiiiinon oil . 

1 ii()r» 

KthvlDiio ]>roinidu 

1 •5!d» 

Moniodolioii/oi 

I (ill) 

dovo oil .... 

1 rin 

a-.\IonochloniHj)ldl>iilon«' 

i (5:15 

Nitrololuol 

i-.idti 

a-.MoTiobroinnaplitlinU'iii' 

I (555 

Nilrolumzol 

I 

Motlivltnio ioditio . 

I-740 

Dimcfihyirtrnino 

1 • r>r>H 

Sulphur in uiotliylonu 
iodido .... 

iK:m 


Another useful nn-thod is that descrilied by A. B. Dick (p. I7H). 
When a mineral is immersed in one of the above-mentioned li(inids, 
it will be found that if th(> refractive indices of the licpiid and the 
mineral are very nearly equal the mineral will be i)ra<;tically 
invisible, whereas if there is an ni)|)r«>ciable difference between the 
refractive indices the mineral will la* easily seen. Under the 
microscope, if there is a large difference between their resjK-etive 
refractive indices the fragments of mineral will appear to have 
thick borders. 

In order to determine whether the nlractive index of the mineral 
is higher or 1 ow(t than that of the liquid, th<‘ light should be cut 
off from a jmrtion of the field by tilting the mieroseoix; mirror, 
so as to cause the minerals to be dark on one edge and light, on the 
other. The jtosition of the dark edg(! should be noted, and if it 
lies on the opposite side of the grain to the shadow the grain has 
a lower refractive index than the licjuid, whilst if it is nearest to 
the shadow the mineral has a higher refractive index than the 
liquid. , 

Another method suggested by Becko consists in raising the 
objective lens of the microscope until the grain is out of focus. 
Whilst this is being done a bright line will move from the material . 
having the lower refractive index to the one having the higher 
value. If the objective is lowered instead of raised the reverse 
action takes place. By repeating one of these tests with a series 
of different liquids it is easy to determine which liquid has a refractive 
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index nearest to that of the mineral. The refractive index of the 
liquid may then be determined in a refractometer. 

If the material to bo examined is,in the form of a piece of rock 
it ma,v be rublxid down so as to have one smooth surface which 
can be examined by reflected light. Afterwards it may be ground 
so as to form a thin transparent section about 0-001 in. thick, ^hich 
is then mounted in Canada balsam (yi a glass slide and covered 
with a thin cover of glass. The slide can then be examined by 
transmitted light, the same optical tests being applied as for sands. 

Other sections ma,y be further investigated by staining or 
etching. The slide is made as before, but without Canada balsam, 
and its snrfai* treated with dilute hydrochloric acid to ascertain 
whether any carbonates or alkali silicates, such as lime-scapolite, 
nephelino, .socialite, mclilite, hauyne, nosean, lazurite, anorthite, 
olivine, chlorite, serpentine, and zeolites, are "present, as these are 
gelatinised by this acid, felspar and quartz are gelatinised only 
by hydrofluoric aedd. To stain the section, the acid is washed 
uwa.y with water and afterwards with ammonia, and the sample 
then j)laced in a bath of strain, such as magenta, malachite green, 
("ongo red, aniline blue,’ or methylene blue. After a sufficient 
time has elairsed to permit the sample to be completely stained, 
it is removed, washed, dried, and examined under the microscope. 
This method is sometimes useful in showing up certain minerals 
more than others. 

Other s|x>eial tests are .sometimes useful though seldom required, 
furthc-r information as to these tests will be found in the text-books 
on mineralogy andj^etrology. 

Cleanness.—The “ eleanness ” of a sand may bo tested roughly 
by rubbing it bc'tween the Angers ; a good clean sand will leave 
little or no discoloration on the fingers. A perfectly clean sand 
may be rubbed on white paper without leaving any dark marks. 
Another very useful though rough test of the cleanness of a sand 
consists in shaking some of it violently for a few minutes in a 
measuring glass half-filled with water. After shaking, the sand is 
allowed to settle, and the other material will gradually sink and 
form a layer on the top of the sand. The amount of "dirt, etc., 
can be, roughly determined by noting the number of divi-sions of 
the measuring glass which corresjxjnd to the thickness of the layer 
of dirt, and -by estimating the amount of matter in suspension. 
This test is useful in determining whether a sand for use in making 
mortar or concrete needs to be washed before use. 

A better .test consists in stirring up a weighed quantity of sand 
with several times its weight of water, pouring off the liquid through 
a 100-mesh sieve, and repeating the treatment with water until 
no more “ dirt ” remains in the residual sand. ' The liquid and 
“ dirt ” which have passed through the sieve are then evaporated 
to drraess, and the product is weighed and calculated as a percentage. 
As the fine sand consists of silt, clay, and organic (carbonaceous) 
matter, this residue may be ignited so as to drive off the car- 
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bonaceous matter, allowed to cool, and then re-weighed. The loss 
in weight may be regarded as representing the organic niathfr, 
together With any water produced by igniting the clay ami other 
hydrous minerals present. (See also CarbomceoM Matter, p. 24(1.) 

CoUold Matter.—A rough idea of the amount of eolloidal matter 
(day) in a sand may be gained by shaking up the sand with twenty 
timA its weight in water in a tall glass cylinder, and noting the 
amount of matter remaining in suspension .after one minute (p. 244). 
The test is vitiated by the extremely fine sand present, .some of which 
may remain in suspension for several hours. A much more satis¬ 
factory method of separating the clay from the other constituents 
in a sand is to use a series of sieves and an elutriator (sec p. 246). 

Another useful m'cth<xl of comparing the amount of clay in 
batches of moulding sand is the following modification of a method 
proposed by Ashley: 

0-7.5 gram of aniline green (malachite green) is dissolved in 
250 c.c. of water and shaken for five minutes. Fifty grams of the 
sand are added and the liquid is shaken in a machine for ten minutes, 
after which it is poured into a settling.bottle and allowed to stand 
overnight. The colour of the liquid is then eom])ared with a 
standard solution of 0-75 gram of dye in 2.50 e.e. of waU-r which 
has been shaken and allowed to stand in the sanu' way. A sand 
containing clay abstracts some of the dye from the liquid, the 
extent of the decolorisation being to some extent a meastire of the 
amount of clay present. The best method of determining the extent 
of decolorisation is to dilute the standard solution to the .same 
extent as the .sample, and to take the extent of dilution as a measure 
of the amount of clay present. This method is very useful for 
comparing different batches of sand from the same source, but 
it has been found unsuitable for comj)aring widely different sands, 
on account of the variation in the absorbing power possessed by 
different clays. 

H. B. Hanley and H. H. Simonds have obtained bettew results 
by treating the sand prior to adding it to the dye-solution. They 
suggest placing 25 grams of the sand in a .50()-c.c. wide-mouthed 
bottle, and adding 250 c.c. of distilled w'ater, and 5 c.c. of 10 per 
cent ammonium hydroxide. The bottle is closed Avith a glass 
stopper and sealed with paraffin wax, and is placrxl in a shaking 
machine for one hour. At the end of this period, 140 c.c. of distilled 
water is added, together with sufficient acetic acid to neutralise 
the ammonia and leave an excess of acid. This usually requires 
5 c.c. of 10 per cent acid. This treatment cleans the surface of 
each microscopic particle, and ensures that the colloidal matter is 
in a state to attract or absorb the dye. The test may be continued 
by adding a weighed quantity of the dye crystals to the solution^ 
and sand, sufficient dye being added so that, after stirring and 
allowing the sand to settle, a slight tinge of colour remains in the 
stdution. This indicates that a slight excess of the dye has been 
added; its amount is estimated by preparing a standard solution 
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of the dye and diluting it until it has the same colour as the liquid 
obtained in the test. The quantity of dye in the diluted solution 
being known, that amount is deducted from the total weight of 
the dye used. This is regarded as proportional to the colloidal 
clay present. 

Carbonaceous matter,•which is objectionable in sand to Ik 
used in concrete, may be estimated by means of a simple" test 
suggested by Abrams and-Harder, and since adopted as a “ clean¬ 
ness ” test hv the American Society for Testing Materials, who 
recommend that it should be carried out as follows: 

A 13-oz. graduated prescription bottle is tilled to the 4i-oz. 
mark with the sand to i»c tested. A 3 per cent solution of sodium 
hydroxide is then added until the volume of the sand and solution, 
after shaking, amounts to 7 oz. The bottle is then closed by a 
cork or ,stop|M!r and shaken thoroughly, aft*^:- which it is allowed 
to stand overnight. The next day the colour of the more or less 
cl(!ar sujxirnatant liquid is observed ; if it is colourless or has 
a light yellow colour, the sand may be considered to be sati-sfactory 
in so far as organic imputitios are concerned. If, on the other 
hand, a dark-coloured liquid, ranging from dark red to black, 
is obtained, the sand should usually be rejected as unsuitable 
for use in concrete or mortar. 

Grading Tests.—3'he separation of a saiiqile of .sand into groups 
according to the siz(!s of the,constituent gi’ains of inaterinl present 
is known as “ gratling ” ; a determination of the proportion of 
each grade is ternual a mechanical analysis, and consists in treating 
the material present either by meaas of sieves, or in an elutriator, 
so as to .separate the particles of one size (or those within certain 
prearranged limits of size) from the remainder. By re|X'ating the 
process a sanqile is eventually subdivided into a considerable 
number of atq)arate grach's ; the weight of each can then be ascer¬ 
tained. To separate the coarser grains of sands, sieves are the 
most sati.sfactory, it being generally best to select a number of 
siev(!s of decreasing fineness, according to the grades into which it 
is desired to s<q)aiate the particles. 

In order to obtain strictly comparable results it is important 
to use standard sieves, as ordinary ones are not woven with sufficient 
accuracy. 

Table L. ijihows the standard meshes of sieves specified by the 
Institute of Mining and Metallurgy. 

The .sieves are manufactured by N. Greening&Son, of Warrington. 


[Tablb 
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Tablk L. —Tub I.M.M. Standahd Sievks* 


Slpsh.i.^. Apertiiffw 
tier Lliicur Inch. 

Diameter of Wln-H. 

1 Diameter (tf Ai»ertiin'j*. 

.. 

Sen-enliitf Aren per 
rent. iioIcA, 


in. 

mm. 

in.' 

mm. 


5 

01 " 

2-540 

(1-1 

2-544) 

25-4M) 

H 

0‘0«3 

1 -003 

()-0(iJ 

1S74 

24«(t 

10 

tion 

1-27<I 

0-05 

I -27(1 

25-(H) 

1 '2 

00417 

1 (IS!) 

0-414)0 

i -0541 

24 112 

IH 

00313 

0-705 

4)-4)312 

4)-702 

24-02 

20 

0 025 

0-035 

41-4)25 

0-4135 

25-4»4) 

1 ;tn 

0-0107 

0-424 

0-4)1410 

4)-421 

24'S(I 

40 

0-0125 

0-317 

4) 4)125 

0-317 

25-04) 

no 

0-01 

0-254 

0-01 

4)-254 

25-4M) 

((0 

0-0083 

(1-211 

004)83 

0-211 

25-00 

70 

0-0,171 

0-180 

0 4)071 

0-184) 

25 (M) 

80 

ti-0003 

0-100 

4)04)412 

4)-1.57 

24-414) 

00 

o-oonn 

0-130 

0-4M)55 

0-130 

24-50 

100 

0-005 

0-127 

0-04)5 

0-127 

25-00 

120 

0-0041 

0-104 

4)04)42 

4)14)7 

25-44) 

140 

0-0030 

0-001 

4)-4U):>0 

4)-4)OI 

25-4)4) 

ISO 

0-(H)33 

0-4184 

0-4)033 

4)-084 

24-50 

' 100 

0-0031 

44-078 

4)4)4)31 

0-4)78 

25-04) 

180 

0-0028 

44-071 

0-4)4)28 

4)-4)7l 

25-4)0 

200 

4»-oo2n 

44-4)03 

4)-4)025 

4)-4)413 

25-00 


' Soule adiljtlonu) diltli )iy J. \V. Mellor Jiiive iilxo heeli ilielllded ill ilie tiildie 


Tablo LI. shows the standards ado|itc<l In- tile Anicrican Hiin-au 
of Stamlards. 

F. W. Taylor has suggested tlie sie\es givc-n in 1'ahle Llf. for 
testing the grading of sands for (wnerete work. 

This sisries of sieves is based on the folltiwing eonif)h‘x con¬ 
siderations : th(i limiting diameters of the jwirtieles iti each gra<iu 
were first decided and also the mimlsr of grades into which the 
material is to be separated. The logarithms of the extreme 
diameters of the particles were then found, and between these 
figures was found the reqiured numlier of logarithms, less 2, which 
have equal differences lietw-een them. By this means a series of 
logarithms was found equal to the number of sieves to be used, 
the difference between each succeeding logarithm Ix'ing constant. 
The corresponding antilogarithros furnish the opeilings for each 
sieve in the series, and where these do not correspond to a com- 
tnercially available sieve, the nearest commercial sieve is employed. 
So elaborate a procedure is seldom adopted, and the»I.M.M. series 
(above) is ample for ino.st purposes, especially as a sieve in ordinary 
use docs not pass every grain smaller than its holes or “ mesh,” 
though it does retain all those which are larger. If the sieving 
process is of very short duration, a large proportion of fine material 
will fail to pass through the screen ; if the process is excettsively 
prolonged, some of the larger particles may be reduced by attrition 
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Table LI.Amekioan Staebabd Sieves 


Sieve 

.Ho. 

Sieve OpcDins. 

Wire Diameter. 

Tolerance 

in 

Average 

Opening. 

Tolerance 
in Wire 
diameter. 

Tolerance 

in 

^laximum 

Opening. 

Meshes 
per cm. 

n 


mm. 

In. 

mm. 

in. 

per cent. 

per cent. 

per cent. 


. 


8-00 

0-316 

1-85 

imiMW 

1 . 

5 

10 

1 

2-6 

3 

#•72 

0-206 

1-65 

M-065 

1 

5 


1-2 

3-0 

;ii 

5‘OH 

0-223 

1-45 

0-057 

1 

5 


1-4 

3-6 

4 

4-7ft 

0-187 

1-27 


1 

5 

10 

1-7 

4-2 

s 

4 00 

0-167 

1-12 


1 

5 

10 

2 

5-0 

ft 

3-3« 

0-1.32 

1-02 

0-040 

1 

5 

10 

Wil 

5-8 

7 

2'83 

0-111 

0-92 

0-036 

1 

6 

10 

m 

6-8 

8 

238 

0-094 

0-84 

0-033 

2 

5 

10 

3 

7-9 


200 

0-079 

0-7B 

0-030 

2 

5 

10 

3-5 

9-2 

12 

lft8 

O-Oftft 

0-69 


2 

5 . 

10 

4 

10-8 

14 

141 


0-61 

0-024 

2 

5 

10 

6 

12-5 

1ft 

119 


0-54 

tiinyf 

2 

6 

10 

6 

14-7 

18 

100 

0-0.394 

0-48 

0-0187 

2 

5 

10 • 

7 

17-2 

20 

0-84 

0-0331 

0-42 


3 

5 

25 

8 

20-2 

25 

0-71 

0-0278 

0-37 


.3 

5 

25 

9 

23-6 

30 

0'«9 

EffiMl 

0-33 


.3 

5 

25 

11 

27-5 

36 

0-50 

0-0197 

0-29 

0-0113 

3 

5 

25 

13 

32-3 

40 

0-42 

ijsilim] 

0-25 

0-0098 

3 

5 

26 

16 

37-9 

45 

0-36 

0-0139 

0-22 

0-0085 

3 

5 

26 

18 

ESI 

cu 

0-30 

EffillQ 

0-188 

IlBlIiVfl 

4 

10 

40 

20 

52-4 

ftO 

0-25 

0 0008 

0-102 

0-0064 

4 

10 

40 

24 

61-7 

70 

021 

0-0083 

0-140 

0-0055 

4 

10 

40 

29 

72-5 


0177 

0 0070 

0-119 

0-18)47 

4 

10 

40 

34 

85-5 

100 

0149 

! iSal 

0-102 

,0-(X)40 

4 

10 

40 

40 

101 

120 

0126 

T 

0-080 

0-(K>34 

4 

10 

40 

47 

120 

140 

0106 

SI 

.0-074 

0-0029 

5 

15 

60 

66 

143 

170 

0-088 


0-00.3 

0-0025 

5 

15 

60 

66 

167 

200 

0074 

0-0029 

0-053 

liimTiCT 

5 

15 

00 

79 

200 

230 

0082 


0-046 

0-0018 

5 

15 

60 

9.3 

233 

270 

0 063 

0 0021 

0-041 

miililBl 

5 

15 

60 

106 

270 

326 

0044 


0-036 

0-0014 

5 

15 

60 

125 

323 


Table LI 1.—Sieves tor Testing the Qradinq of Sanbs for 
Concbete 


Sieve No. 

0]>ening in Inchra. 

10 

0-073 

15 

0-047 

20 

0-034 

30 

0-022 

40 

0-015 

60 

0-009 

74 

0-0078 

100 

0-0045 

160 

0-00326 

200 

0-00275 
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and so pass through the screen. With care, the proportion of 
fine material which fails to pass the screen should not excw^d 2 per 
cent. The tailings from each screen should be tested jn^riodicnlly 
to ensure that they do not contain too much fine material. 

The sieves selected should depend, of course, on the nature 
of the sand, but in most cases sieves rsiiging from about liO-mesh 
to f20-mesh are siifficicnt, though a 200-mcsh sieve may be necessary 
in some easc«. For testing sands tluk author has for more than 
twenty yeans used a series of sieves with 10, 25, 50. 100, and 2(X) 
holes per linear inch, the resjx'ctive ajx'rtures being 0 05. 0'02, 
O'Ol, 0'005, and 0-0025 in. in diameter. Bf)swell prefers to use 
a series of sieves with 6, 12, 25, 50, and 120 holes jxm- linear inch 
for the sand grades. From the variations in the series of sieves 
used by different authorities, it will lx; understcxid that the sizes 
into which the sands are classified depnd largely on the require- 
nxmts of the worker, but where jmssible it is desirable to adopt 
some standard classification such as those mentioned on j)p. 210 
to 210, so as to avoid confusion and to make the Tesidts as eomparable 
as possible. Grading tests made with sieves without stating the 
size of the grains indicated by the various sieves employ<‘d, are 
of no value except to the user. 

Some investigators employ a needless numlx-r of sieves in a 
.series. The projx^r course is to ascertain, from a microscopic 
examination of a limited number of^ grades, whether the particles 
in each are sufficiently uniform in size. If not, an aclditional 
number of sieves should lie emidoyed. • Except in unusual coses, 
however, it is preferable to classify into the minimum numlwr of 
grades {K)ssiblc, as the mere multiplication of grades is of little 
value. Whatever series is employed, it is usually desirable, for 
the sake of consistency and rapid working, to use woven sieves 
of phosphor-bronze throughout the series, though for removing 
particles larger than 0-2 in. diameter, and especially when stones 
or gravel are abundant, jxirforated sheets are preferable to woven 
mesh. It is useless to attempt to employ sieves finer than 250-mesh, 
and, for most pur]x)8es, it is better to regard a 200-mesh as the 
finest practicable sieve, and to use an elutriator for grading the- 
particles which pass through this sieve. 

The manner of using sieves is important. If the sand is clean 
(i.e. almost free from clay) and dry, a weighed amount may be 
sieved in its natural state, care being taken to avoid the loss of 
•any “ dust.” On the contrary, if there is an appreciable proportion 
of clay present, the weighed amount of sand is mix^ with about 
twice its weight of water, well shaken for half an nour or more 
in a mechanical agitator, and then run on to the coarsest sieve; 
any material which passes through the sieve is received in a suitable 
vessel, preferably of white earthenware, and is afterwards passed 
in a similar manner on to each of the sieves in turn. . Each 
aeve is then washed with a powerful “ rose ” of water, so as to 
ensure all the sand finer than its mesh passing on to the next finer 



260 GRADING TESTS OP SANDS 

• t 

sieve. When all the liner particles have been removed from each 
grade, the contents of the various sieves are dried and weighed. 
The material which passes through the finest sieve contains all 
the clay, together with a considerable proportion of fine sand and 
silt. The constituents of this mixture may, if desired, be separated 
by elutriation (p. 2.52). The thoroughness with which the fine 
particles are removed from the residue on the various sieves depdhds 
largely on the operator. To reduce tile effect of this “ personal 
factor,” some investigators work to a strict time-schedule; others 
prefer to use a mechanical agitator and to rely on this rather than 
on hand-sieving. The. mechanical arrangement is ehiclly used in 
the United States; it consists of a series of sieves mounted one 
above another, with a container below and a cover above, so as 
to prevent the cscajx! of dust. A prearranged weight {usually 
100 grams) of the sand (previously dried at U0“ C. to a comstant 
weight) is placed on the top sieve, and the whole series is then 
shaken for exactly five minutes by means of a i-h.p. electric motor. 
Each sieve is then removed and shaken separately by hand for 
one minute mori!, and any material which passes through is trans¬ 
ferred to the next sieve in the. series. The whole of the series of 
sieves with their contents is again assembled, with the container 
and cover, and is shaken again by the machine for a period of 
twenty minutes, after which, each sieve in turn is again shaken 
by hand as b<‘fore. The anp)unt eventually remaining on each 
sieve is separately weighed, the results bfung exprcs.sed as the 
pen^entage ndained on each sieve. No standard method of sieving 
with the aid of water has yet Imsui adopted. 

The deposits left on the coaracr .sieves genenally consist of 
quartz and felspar. Mica is generally concentrat(^d on the medium 
sieves on account of its flaky nature, the diameter of the flakes 
being large compared with the average bulk of other minerals (see 
p. 217), and the deposits on the finer sieves contain the greater part 
of the heavier minerals, as the grains of these are generally smaller 
than the average size of the quartz grains (p. 216). 

Sedimentation and Elutriation.—For the finest particles contained 
in sands, sifting is useless, as sieves finer than 200-mesh, i.e. for 
particles 0'0025 in. diameter, are not sufficiently accurate, as the 
strands are liable to be rapidly destroyed on account of their 
fineness and dplicacy. It is, therefore, preferable to separate these 
fine particles by treating them with water in such a manner that 
they are separated according to their suspensibility. This may’’ 
be done in oqe of two ways. 

Sedimentation Method .—The particles may be stirred with water 
until all are in suspension and they may then be allowed to settle. 
They will sink towards the bottom of the vessel- in which they 
are contained, at a rate which depends on their diameters and 
specific gravity, in accordance with Stokes’ law. 

V 2D-d 
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or V=Cr*, where C = ^> 

where V is the veloeity of the particles in cm. jK‘r sec., 

2 is the viscosity of the liijuid (water - 1), 
r is the radius of the particles in cm., 

!?U98], 

d is the specific graaity of the liquid, 

D is the sjiecific gravity of the particle.s. 

This formula assumes that (a) the ])articles of solid matter are 
much larger than the particles of th(5 liquid; (ft) the liquid is of 
infinite length in comparison to the sinking particles; (c) t he jiarticles 
are smooth and rigid; (d) no slipping occurs between the ))articlca of 
the liquid; (e) the velocity is small; and (f) the parti(h-.s are small. 
When the velocity of the particles is great, the formula does not 
hold. H. S. Allen states that the maximum size of particle for 
water sedimentation is ()-0S5 mm. or 0-tHj:)4 in., i.e. the j)articleH 
should all pass completely through a standard sieve (p. 247) of 
lf)0-mesh. Rittinger gives the following velocities of fall in metres 
for particles of different sizes: 

3-2 0. for rounded grains, 

2-25 C. for flat grains, 

2'65 C. for elongateil grains, 

2-Hr) C. for average (mixed) grains, 

where 

« 

when S = Specific gravity of solid |)artieles ((piartz -24).')), 
s = Specific gravity of liquid (water = 1), 
d = Diameter of sphere in metres. 

For convenieme it Ls usually assumed that all the particles 
have the same sju'cific gravity, namely, that of quartz 2’(i5, m which 
case the rate of settling dejK-nds solely on the (iiameter of the 
particles. If a cylindrical vessel 0 in. or more in height is uscid, 
and the total height of the liquid and solid in the vesst'l is greater 
than 4 in.. Table LIU. may be used, the depth of liquhl being 
measured downwards from the lop. 


Tablk LIU.—Showino Size oe Particles which skti'i-k 
OCT IN Different Times 


Size of JVrticles. 

Time of 

Pepth from Surface, 

• 

mm. 

in. 


mtn. 

in. 

01 

0004 

20 secH. 

140 

5-« 

005 

0 002 

1 min. 

120 

4.8 

001 

0 0004 

10 „ 

00 

30 
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Fra. 18.—Schoene's 


, After standing for ten minutes, the upper¬ 
most 3-6 in. of the liquid is carefully siphoned 
or poured off, care being taken not to disturb 
the material at a greater depth. The residue 
left in the vessel will contain all the particles 
larger than 0 -OOiM in. diameter. The residue, 
together with sufficient water to make the 
totol volume the same as before, is well stirred, 
and then allowed to stand for a further period 
of one minute. The uppermost 4-8 in. are 
removed as before ; the residue will contain 
all the particles larger than those correspond¬ 
ing to the period of sedimentation, i.e. larger 
than 0-002 in. diameter. By repeating the 
process as often as is desired, the particles 
can be separated into any required number 
of sizes or grades. The separation of the 
different sizes of non-plastic materials is 
usually* quite sharp, but when much clay is 
present it is usually necessary to repeat the 
treatment of each fraction several times, and 
even then a small but variable proportion of 
fine sand and silt usually adheres to and is 
carried pwny with the clay, whilst another 
equally variable amount of clay is usually 
carried down by the silt and fine sand. It is 
^ im(>ossiblc to prevent this defect unless the 
' particles can lie kept well seiiaratod and in 
constant motion. Moreover, as a result of the 
short times of suspension, and the time neces¬ 
sarily taken in decanting or pouring oft the 
supernatant liquid, the results obtained by 
sedimentation are not so satisfactory as by 
elutriation, though they are often sufficiently 
accurate for general use. Consequently, 
elutriation is usually preferable to sedimenta¬ 
tion. 

Elutriation consists in mixing the par¬ 
ticles to be separated with a large volume of 
water which flows forward at a prearranged 
rate, so as to carry away the smaUer particles 
and leave the larger ones behind. The method 
most commonly used in this country is that 
devised by Schoene and modified by Seger, 
in which a carefully regulated stream of water 
is passed through a series of vessels, such as 
that shown in fig. 18, so arranged that the 
speed of the liquid may effect a separation of 
the particles into separate groups. Separa- 
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tion by elutriation appears to be accurate for particles less than 
0-25 ram. (O-Ol in.), but not for those larger than 0-5 mm. (0-02 in.), 
this upper limit being somewhat doubtful. S((ger adopted four 
groups for elutriation, as shown in Table LTV. 


Tablk LIV. -Euitbiation fSojicr's Figures) 


Maximum Velocity. 

f 

Kxtreme Diameter tf spherical 
1‘art.lclea. 

Manometer Ilelfflit. 

mm. }>cr sec. 
0*18 

iQ. per min. 
0*43 

mm. 

Helow 0-01 

iit. 

Rolow 0*0004 

till. 

1 

In. 

0-4 

0-70 

1*68 

001 •0 02ri 

0(M»04-0 001 

8 

3-15 

i-no 

Residue 

3-60 • 
Residue 

0 02r)-0*04 

0 04 .0*333 

0-001 -0-(M}16 

0 00l(i-00133 

50 

!»-69 


It is not necessary, in most ca.s<'s,to use an ciutriator for such 
coarse particles as those of 0-333 mm. diameter, aiul often it is 
quite sufficient to separate only one grade by elutriation, as shown 
in Table LV., due to Mellor. 


Tabi.k LV'.— Fii.cTHiATioN (Mollor’s FigiipuH) 


.Uuxiiiiuiii Vciwity. 


iimi. per i«ev. 
018 


0*3 or 200-8ievo 
120*8ieve 


Manometer Heitiht 
for Flint. 


1 

flO 


Kxtrenic Diumetttr. 
Spherical riirtifki*. 


mm. 

Hflow 0 0! 


0 01 -0 063 
0-063.0 107 


.'Vveraih' Diameter. 


mm. 

00063 


0 042 
0*087 


Boswell, using a modification of Crook’s ciutriator, employs 
the data in Tabic LVI. 

Tablk LVI.- -Klotbiation (Buawell's Figuros) 


Diameter of Cylinder. 

Ucad of Water. 

Jet Aperture. 

Diameter of Oraiiui 
Sejtarated. 



miD. 

• mm. 

2 in. (51 mm.) 

1880 

7 

0-4 


1400 

3 

0-2 

3 in. (76 mm.) 

700 

3 

01 

• 

** »* 

400 

2 

0*05 
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though if the finest particles of clay and silt are not required, a 
reduction of the ^ed of the machine will enable them to be 
carried off in the effluent. 

The amount of water used by this method is much less than 
with elutriators, and the results appear to be quite satisfactory 
if the speed of the rotation, the amount of the material and wajter, 
and the rate at which they are supplied .are kept constant. 

Mlneraloglcal Examination.—For many purposes it is important 
to ascertain what minerals are present in a sand and, where 
practicable, the approximate proportion of each mineral. This 
can be done to a large extent by means of chemical and mechanical 
analysis, aided by a microscopic examination (p. 241), but in some 
instances other methods are preferable. The most important of 
these are— 

1. Separation by vibration. 

2. Panning or hydraulic separation. 

3. Si'paration by heavy liquids. 

4. Magnetic or electromagnetic separation. 

6. Electrostatic separation. 

Separation by VUrration .—A method of separating heavy from 
light minerals in sands of nearly uniform size, suggested by H. B. 
Milner, consists in placing them upon a piece of white glazed paper, 
and giving the paper a circular motion with one hand and tapping 
it with a pencil in the other, at a frequency ascertaine<t by trial. 
This gives a good separation if small quantities are taken. 

An improved method consists in using a thin metal plate 
supporttMl by an iron clamp and vibrated rapidly, the result desired 
being obtained by means of a tuning-fork of the same frequency 
as the metal plate. 

Panning is the old method employed for working metalliferous 
sands and is dependent on the fact that, if water containing sand 

is placed on a shallow pan 
(Fig. 20), and given a circu¬ 
latory motion by means of 
the arms, the lighter particles 
are kept in suspension and 
gradually washed over the 
fto. SO.—Wsshing.pan. sides of the pan, whilst the 

heavy minerals remain at the 
bottom. A very convenient pan is one about 3 in. deep and 
12 in. diameter at the top and about 8 in. diameter at the 
bottom. In some cases a conical vessel is employed, and is 
even more satisfactory than one with a flat bottom, though more 
difficult to manipulate. , With either of these vessels 4-7 lb. of 
material may be treated at once, and most of the grains having a 
specific gravity greater than 3 can be retained, all those of lower 
s^ific gravity, including the quartz, being almost wholly removed. 
This method is suitable for particles between 0'004 and 0-04 in, 
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diameter; with larger particles tlic separation is less complete, 
though if they are only present in small pro^iortions they do not 
seriously ihterfero with the result. Particles less than 0-004 in. 
diameter are usually lost by this treatment unless they have a 
very high specific gravity, such as gold. On the whole* panning 
is a very satisfactory method for concentrating the heavy minerals 
in a sand consisting chiefiy of lighter material. It has the great 
advantage of not requiring any elabotate apparatus, and so is 
invaluable to prospectors in out-of-the-way places. 

SejMration by Heavy l.iqvids .—Minerals may also lx* separated 
according to their specific gravities by the use of liquids of different 
specific graWty. Table LVll. shows the s|)ecific gravity of various 
heavy ii({uids which are useful for this ])urpose. If a weighed 
quantity of sand is introduced in small (piantiti(?a at a time into 
one of these liquids containc'd in a (smieal glass funnel, provided 
with a tap or stop-cock at its lower end, stirred vigorously and 
then allowed to stand, all the particles having a lesser s|X‘cific 
gravity than the liquid will remain in susix-nsion, whilst the heavier 
materials {i.e. those of greater specific gravity than the liquid) 
will sink to the bottom of the vessel. The taj) is then ojxsned 
and the heavy minerals run off on to filter ))ajM“r, after which the 
tap is closed and more material jmt into the funnel until the whole 
has been se|Mirated into two parts. The n-sidtie can be cleaned 
with benzene or water, dried rapidly, and weighed. Thus, heavy 
minerals can be separated from quartz by means of bromoform, 
and, if nece-ssary, they can lx- further dassified by the subsequent 
use of other heavy liquids. 


Tabi.k LVll.— Specific (iBAviTiEs of Heavy Liquius 


Lifluid. 

(.•ruvity. 

Mvltiiiii 

I’oiiit. 

Kow UstHi. 

Bromoform. 

2'So i 




Acetylene tetrabromide ■ 

:io 1 



Diluted with 

Methylene iodide .... 




benzene. 

Methylene iodide and iodine 

:i-« 1 




Mercury potassium iodide 

;t-2 





Cadmium borotimgstate 

:b2r) 





Barium mercury iodide 

ar. 




Diluted with 

Mercurous nitrate (cryst.) • . 

1-3 


70“ C. 


water. ‘ 

Thallium silver nitrate * 

4-3 


7i)'" C. 



Thallium mercury nitrate * . 

-a_ 

5-3 


70“ 0. 

. 



• These mint be used at a temperature above their nieltlns i»int. The epeeiae gravity ot 
the liquid atmuld be determined each time they am uaeil. ' 


The solutions which can be diluted with benzene are usually 
the most convenient, on account of the ease with which the residues 
can be washed with benzene and dried. Mercury solutions have 
the disadvantage of being miisonous, cadmium Ixirotungstate 
readily crystallises, atnd the solid salts need to be used at higher 
temperatures and so have many disadvantages. 

VOL. I 


a 
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Another method, which is sometimes employed for the rough 
estimation of the proportions of several minerals of various specific 
gravities, consists in forming a diffusion column by partiaUy filling 
a long glass jar with a concentrated heavy liquid, and then filling 
the remaining part of the jar with a diluted solution. This is allowed 
to stand about twelve to twenty-four hours until there is a gr^ual 
gradation in specific gravity from that|,of the concentrated liquid 
at the bottom to that of 4he diluted liquid at the top. The test 
is made by dropping in a small sample and noting the heights at 
which the particles collect, fragments of known specific gravity 
being dropped in as guides. By this means a rough idea of the 
minerals present may be ascertained. 

The following solutions, according to Crook, are useful for this 
method of separation: 

< Bpeclflc 

Gravity. 

1. Bromoform diluted with benzene to ..2‘5*2*0 

2. ft alone.2*90 

1. Methylene iodide diluted with lienzene to.2‘5-2*0 

2. „ „ alone.3*30 

1. Thoulet solution (Potassium mercuric iodide) diluted with watorto 2*5-2*0 

2. „ ,f ff alone . . 3*18 

1. Klein solution (Cadmium boroTungstate) diluted with water to . 2*6*2 0 

2. ,f f, alone . . 3*28 

Magnetic Separ^ion. —Some of the minerals found in sands 
possess magnetic properties, so that it is possible to separate 
them by the use of a magnet, or preferably an electro-magnet, 
with the poles ending in thin edges and capable of being moved 
so as to be spaced at varying distances apart. 

A useful magnet described by T. Crook consists of two limbs, 
each 1 in. diameter and 4 in. long, wound with seven layers of 
16-gauge wire, each layer having about forty turns. The two 
adjustable pole-pieces should be 14 in. wide and J in. thick, slotted 
so as to be moved nearer to, or further from, each other, and secured 
by screws to the limbs. An 8-volt battery is quite sufficient for 
this instrument. 

In use, the magnet is suspended over a smooth cardboard 
tray containing the sample to be examined. If desired, the most 
magnetic particles may be removed with a permanent magnet, 
and the “ qioderately magnetic ” grains (p. 224) then removed 
by means of an electro-magnet with its poles about ^ in. apart. 
.Mterwards, the poles of the magnet may be placed only \ in. or 
rather less apart, and the “ feebly magnetic ” minerals (p. 224) 
may then be separated. The residue may be regarded as practically 
non-magnetic. 

Electrostatic Separation. —The separation of minerals according 
to-their electrical conductivity depends on the fact that minerals 
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having a high electrical conductivity are affected by an electric 
charge, whuat bad conductors remain inert. The apparatus 
recommended by T. Crook consists of two copper plates a few 
inches square, one of wliich has one surface coat(“d with a layer 
of shellac, which is continued over the edge of th(! plate, forming 
a narrow strip on the opposite surface. The shelhic-coated surface 
of olie copper plate is placed next to the uncoated surfiwc of the 
other, but is separated froih it by two pieces of glass coated with 
shellac. The upper plate is charged electrically by means of an 
electrophorus, consisting of a plate of ebonite, resin, sealing-wax, 
or shellac, on a metal base and a circular metal disc of the sjvme 
diameter with an insulated handle. If the plate of the electro- 
phorus is rubbed with a tiannel or piece of fur, a negative charge 
of electricity is induced in it, so that on placing the metal disc 
on its lower surface it is charged positively, and a complementary 
negative charge is given to the outer surface. This is removed 
by touching it with the finger. A small quantity of the sample 
of sand to bo examined is placed on the upper side of the lower 
copper plate of the pair previously mentioned, and the disc to 
which the insulating handle is attached is |)iaeed upon the upper 
copper plate. The minerals which are good conductors of electricity 
will immediately adhere to the upper ])late and can be removed 
therefrom, whilst the non-conductors remain on the lower plate. 
For accurate work, a larger apparatus ojwratcd by a more powerful 
current is preferable, but the simple device just described is often 
useful, especially if the test is applied to a sample from which the 
greater part of the quartz has betm removed by panning (p. 2 i> 6 ), 
or by means of a heavy liquid (p. 257). 

Speolflo Gravity.—The specific gravity of sands, or the minerals 
therein, is determined either by the use of heavy liquids as described 
on p. 258, or by means of a specific gravity bottle. In the latter 
metnod, the most convenient form of specific gravity liottle consists 
of a small flask, with a neck graduated from 05 c.c. to 80 c.c., into 
which exactly 50 c.c. of water is introduced by means of a pijiette. 
Then exactly 50 grams of the sand are placed in the bottle and 
the height of the column of water in the neck of the bottle is read. 
As the volume of liquid displaced by the sand is equal to the volume 
of the sand, the specific gravity is found by dividing the weight of 
the sand by the volume of liquid displaced. ThuSj if 50 grams 
of a quartz sand cause the water in the bottle to rise to the 
68-8 c.c., mark, that weight of sand must occupy a volume of 
68-8 - 60 = 18'8 C.C., so that its specific wavity is 60-r 18'8 = 2-66. 

Apparent Density.—The apparent density of a n'lass of sand 
is determined by weighing a vessel of known capacity, filling it 
with the sand, and then re-weighing. The weight of the sand in 
nams divided by the capacity of the vessel in c.c. is the apparent 
density. , 

Volume-weight.—The volume-weight of a mass of sand is 
determined in the same manner as the apparent density, but a 



260 BEFBACTORINESS TESTS OF 

* $ 

larger vesael is usually employed. The weight of the sand in pounds 
divided by the capacity of the vessel in cubic feet gives the volume- 
weight in pounds per cubic foot. Alternatively, the weight of the 
sand in grams divided by the capacity of the vessel in litres gives 
the volume-weight in grams per litre. To convert “ apparent 
density ” into " volumc-vieight,” multiply it by 62-42 to obtain 
the result in pounds per cubic foot. Conversely, to calculatcf the 
apparent density from tfee volume-wVdght in pounds per cubic 
foot, multiply the latter by 0-016. 

Refractoriness.—^The refractoriness or resistance of a sand to 
heat (p. 229) is tested by mixing it with dextrin and water to form 
a j)ast(!, which may then be moulded into small 
tetrahedrons of the same shape as Seger cones 
(Fig. 21). Those cones are dried and placed side 
by side with suitable Soger con-js on a slab made of 
china clay and bauxite mixed into a stiff paste with 
water. The “ cones ” are pressed on to the surface 
of the slab so as to penetrate it slightly and so 
receive sufficimit support to prevent them from 
falling. The slab with the cones is then placed in 
an electric, gas-bla.st, or Deville furnace until the 
test-piece bends over until its point just touches 
the l)ase lim^ of the support on which it stands. 
The number of the Seger cone which bends to the 
same extent under the same conditions as the test- 
piece indicates the refractoriness of the sand. 

If the cones have all bent before the test-piece, a 
Fra. 21.—iSegoi- fresh experiment must be made using a higher series 
cone. of clones, whilst if none of the cones bend before 

the test-piece, a lower series must be employed. 
Sometimes, instead of regarding the limit of refractoriness as shown 
by bending, it is taken as the tenifierature at which the sharp 
edges of the cones become appreciably rounded as a result of fusion. 
It is therefore necessary in reporting a test, or in considering the 
reports of other te-sts, to know exactly which standard is taken 
before a satisfactory comparison can be made. 

The heating must be slow and carefully controlled if an accurate 
result is to he secured, the most suitable rate of heating being 
a rise of about 10° C. per minute. 

It is sometimes preferable to employ a pyrometer, so that 
accurate information as to the actual temperature at the indicating 
point may be obtained, though this is liable to error, because the 
pyrometer attains the temperature of the furnace much sooner 
than the interior of the test-piece, whereas the advantage of Seger 
cones lies in the fact that their temperature rises at approximately 
the same rate as that of the samples. 

It^is sometimes desirable to separate the sand into two portions 
by means of a No. 160 or No. 200 sieve, and to test the heat resistance 
of each of these portions separately. For instance, by such a 
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sifting the coarser and usually more refractory materials are removed 
and the fmer and more fusible ones are isolated, so that their 
fusibility and its effects are more marked. In moulding sands, 
for example, where it is not the refractoriness of the sand as a whole 
that is required, but only its tendency to fuse in jdaces, this separa- 
tioiyof the more refractory constitueius is of great value. The 
refractoriness test on cithej or both portions is carried out in the 
same manner as on the sample as a whoh'. 

Melting Point.—When the tnie melting )K)int of a sand or of 
one of its constituents is to Iw jiscertained, only a few grains of 
the material can be used. Consi'qucntly it is necessary to view 
them through a microscojK^ in order that their fusion may b(‘ 
clearly observed. For this purpose Doelter's electrically heaU'd 
furnace may be used. Tt consists of a small electrically beaU'd 
cylinder, which forms the furnace, the material Is'ing sup[H)rt«“d 
on the end of a stick of bauxite or grajdute, or ])laccd in a capsule 
(which must l)e considerably more refractory than the sanqde 
to be tested), with the hot junction of an electric ])yromct<‘r l)elow 
it. The heat from the furnace is |m*vcnt<‘d from alTccting the 
microscope objective by placing a disc of transparent quart/, glass 
on top of the furnace. The remainder of the microscois- may be 
shielded by asbe.stos sheeting. 1’he sam])le is viewed through a 
microscope mounted alsive the fur?iacc, the t<‘m|s'ratur(? at which 
it begins to lose shape Iwing ascertained by means of the pyrometer. 
Unless the temix-ratun? is raised very slowly, it is nccc.ssary to 
have tw'o observers—one to note the tcm|ierature recorded by the 
galvanometer, the other to look down the microscope and rc^port 
when the fusion commences. It is ncce.ssary to make .sev(?ral bwts 
so as to .secure the requisite accuracy, as th<' chances of error when 
working on such a small scale are very large. 

As the amount of material used in this test is newssarily small 
(or the completeness of the fusion could not Ix^ observed with 
suiBcient promptitude), the results arc usually lower than those 
obtained by the use of Seger cones. 'I'his difference Ixdwwn the 
fusibility and the refractoriness of a sand is due to the fact that the 
term “fusibility” is applied to the; true m(^lting point of individual 
particles, whereas the term “ refractoriness ” is applied to a mass of 
sand into which heat cannot penetrate so readily as it drx's into 
individual grains. If the heating in the rcfractorinoss test could 
be sufficiently prolonged at the melting point of sand, the figures 
for refractoriness and melting point would coincide; this is, however, 
impracticable with a mass of sand, so that the figuj’es eUlfer as 
stated. 

Porosity.—The total volume of the voids or pores in a mass 
of sand varies with the extent to which the sand has been com¬ 
pressed. Consequently, great care must be taken to reproduce 
the test under the same conditions as thf>se under which thwsand 
is used. For instance, the pore-space in a cubic bxjt of sand 
contained in a vessel 12 in. by 12 in. by 12 in. will not be the same 
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as in a vessel 432 in. by 2 in. by 2 in., because the sand in the lower 
half of the latter vessel will be under considerably greater pressure. 
For the same reason, there will be less pores in a mass of tamped, 
rammed, or compressed sand than in an’ equal weight of sand 
which lies “ loose ” in a shallow heap. 

The volume of the pofes in a loose sand may be detern^'ned 
by placing a measured volume (say 600 c.p.) of the sand in a gradiwted 
glass cylinder (Fig. 22) holding 1000 c.c., avoiding undue compacting 
by pressing or shaking. From another measuring-glass a suitable 
volume, say 300 c.c., of water is poured into the first glass and the 
level of the liquid measured. The percentage of voids in the sand 

is found by adding the volume 
of the water to the volume of 
the sand, and deducting the 
volume repfesenting the final 
leycl of the water from this 
total. Thus, if 6(X)’ c.c. of sand 
and 300 c.c. of water are used, 
and the final level of the water 
is at the 800 c.c. mark, the volume 
of voids equals (600 + 300) - 800 
= 100 c.c. Hence, 600 c.c. of sand 
contain 100 c.c. of voids; that is, 
the percentage of voids equals 
16-7 per cent by volume. If 
the porosity of a compressed 
sand is to be determined, the 
same procedure is adopted, but 
the sand is first compressed to 
the desired extent in a vessel 
in which its volume can be 
accurately measured. Care should 
be taken—particularly in the case 
of a slightly compressed sand— 
not to separate the particles by pouring in the water too rapidly. 
To avoid this, it is sometimes preferable to admit the water through 
a tube entering near the bottom of the vessel containing the 
sand. This method of determining the porosity of a sand is not 
entirely accKrate, as it is impossible to drive out all the air 
without disturbing the position of the sand grains ; in some cases 
as much as 10 per cent of the pores may be left filled with air, and 
the reported porosity may be low to this extent. The theoretical 
porosity of a sand may be estimated from the apparent density 
(or volume-weight) and the specific gravity as 

p 100 (S-A) 

. g , 

where P=the percentage by volume of the pores, S=true specific 
gravity, A = apparent density. Thus, a sand with specific gravity 
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2 •54 and apparent density 1'187 will contain theoretically 6? per 
cent by volume of pores, but the pores which can be filled with 
water would be somewhat less than this proportion. Moisture in 
a damp sand will reduce its porosity, and should therefore be 
determined. The porosity may then be calculated from the 
following formula, suggested by Taylot and .Thompson, in which 
W •^the weight of exactly 1 cu. ft. of the moist sand, P=the per¬ 
centage of moisture in the* sand, and ^=the true specific gravity 
of the sand. 


Per cent of absolute voids = 



100 . 


The air voids may be found by deducting from the percentage of 
absolute voids, the'percentage volume of moisture; the latter is 
found from the formula 

Per cent moisture by weight x weight of 1 cu. ft. of material 
62-3 . 


Table LVIIL, due to Taylor and Thompson, shows the percentage 
of voids for sand of different weights per cubic foot and different 
moisture contents. 

Permeability is a term used to indicate the extent to which 
gases or fluids will pass through a bed or layer of sand of certain 
thickness. It is specially important in connection with moulding 
sands and sands used for filter-beds. 

A very satisfactory method of testing the permeability of a 
sand, used by the author, is carried out on the following principle: 

A circular metallic box (Fig. 23, p. 265), 3 in. diam. and 14 in. deep, 
with a flanged rim at the top, has the bottom cut out ana replaced 
by a piece of wire gauze of any suitable mesh. On this gauze is 
laid a sheet of thin blotting-paper, and the case is filled with the 
sand to be tested, to a height of exactly 1 in., care being taken 
that it is as nearly as possible in the same state of compression 
as it is when in use ; thus, moulding sands will need to be tamped 
so as to secure the necessary compactness. In testing sands of 
this kind, the author, in order to preserve the conditions of normal 
ramming, usually places the empty case in a larger mould in course 
of formation^ and removes it when filled, the space left in the 
larger mould being afterwards repaired. A second sheet of blotting- 
paper is laid on the sand and a flanged jupe is then clamped firmly 
on to the case, care being taken to avoid breaking*the structure 
of the sand. Water is poured gently into the flanged tube to _a 
height of exactly 40 in. (or exactly 1 metre) and the appliance is 
suspended above a glass measure. The time taken for 100 c.c. 
of water to flow through the sand into the receiver is a me^ure of 
the prmeability. In more exact experiments the level of the water 
in the flanged tube must be kept constant. If care is taken in 
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Table LVIIl.—P orosity op Moist Sand 


Weight of 

1 eu. ft. 
of Hand.* 

Percentages of Absolute Voids in .Vntcrial containing 
Moistures by Welght.f 

Moisture by 
Volume 
corresponding 
to 1 per cent 
by Weiglit. 







■- r~ 


0 per cent. 

2 iK7r cent. 

4 per cent. 

(ijUcr cent. 

8 per cent. 


70 

.57 ■« 

.58-4 < 

59 3 

80-1 

81-0 

1-1 

75 

54-5 

55 *4 

.50-4 

57-3 

58-2 

1-2 

80 

51-5 

52-5 

.53-4 

544 

55 4 

1-3 

81 

50-9 

51 0 

52-9 

63-9 

.54-8 

1-3 

82 

50-3 

51-3 

52*3 

53-3 

54*3 

1-3 

83 

49*7 

50-7 

51-7 

.52-7 

53-7 

1-3 

84 

401 

50-1 

51-1 

52-2 

53-2 

1-4 

85 

48-5 

49-5 

50-6 

51-8 

52-6 

1-4 

8ft 

47-9 

48-9 

50-0 

51 0 

520 

1-4 

87 

47-3 

48-3 

49-4 

50 4 

.51-5 

1-4 

88 

4«'7 

47-7 

48-8 

49-9 

50-9 

1-4 

89 

40-1 

471 

48-2 

49-3 

50 4 • 

1-4 

00 

45-5 

46*5 

47-fi 

48-7 

49-8 

1-4 

01 

44-8 

45-9 

47*0 

48-2 

49-2 

1-5 

92 

44-2 

4.5-4 

‘ 46*5 

47-6 

48-7 


03 

43 ft 

44-8 

45-9 

47*0 

48-1 

1-6 

04 

430 

44-2 

45-3 

40-5 

47-0 

1-5 

95 

42-4 

43-6 

447 

45-9 

470 

1-5 

OU 

41'8 

43-0 

44-1 

45-3 

48-4 

1-5 

97 

41-2 

42'4 

430 

44 7 

45*9 

1-8 

98 

40(1 

41-8 

. 43-0 

44-2 

45-3 

l-ft 

99 

40'0 

41-2 

42-4 

43-8 

44-8 

1-8 

100 

39-4 

40-6 

41-8 

43-0 

44-2 

1-6 

101 

38-8 

400 

41-2 

42-5 

43-7 

l-ft 

102 

.38-2 

. 39-4 

40-7 

41-9 

43-1 

1-8 

103 

37-6 

38-8 

401 

41-3 

42-5 

1-8 

104 

37 0 

38-2 

39-5 

40-8 

42-0 

1-7 

105 

36-4 

37 •« 

38-9 

402 

41-4 

1-7 

106 

35 8 

.37 0 

38-3 

39 ft 

409 

1-7 

107 

35-2 

3(t-4 

37-7 

39-0 

40-3 

1-7 

108 

.340 

3.5-9 

37-2 

38-5 

39-7 

1-7 

109 

33-9 

35-3 

30-ft 

.37-9 

39-2 

1-7 

110 

33-3 

34-7 

30-0 

37-3 

38-7 

1-8 

115 

30-3 

31-7 

33-1 

34-5 

35-9 

1-8 

120 

27*3 

28-7 

30*2 

31-8 

33-1 

1-9 

126 

24‘2 

25-8 

27*3 

28-8 

30-3 

2-0 

130 

21-2 

22-8 

24-4 

25-9 

27-5 

2-1 

135 

18-2 

19-8 

21-4 

23-1 

24-7 

2-2 

140 

1.52 

]ft<8 

18-5 

20*2 

21-9 

2-2 


* The table is based an sand iMvlns a spoeiHr gravity of 2*6. 

t The percootaitPH of abaolute voids Kiven In the above columns lurhide the apace occupied 
by both the air and the molature. To determine the percentage of air apace, multiply the 
figure in the last cdluinn, opposite tlie a’cight of sand under eonsideratiou, by the percent^ 
of moisture by weight, and deduct the result from the percentage of absolute voids already 
found. 

making the test, a series of results from the same sand are very 
concordant. 

In testing moulding sands by this method it will be found that 
whilst the results made by the same moulder are very constant, 
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those with cases filled by different moulders differ so Krently that 
no comparison is possible. Hence, in testing fresh deliveries of 
sand, it is important that all the test- 
pieces should be made by the moulder 
who is going to use the material. At 
the present stage this test is of value 
in \orks for the manager's own use, 
but not for comparison with the result.''# 
obtained by others, the differences ob¬ 
tained by unconscious variations in 
manipulation being so great. In a 
modification of this test th(( author 
endeavoured to substitute air in jdace 
of water, but the variations in the 
amount of air penetrating through the 
same block at different times, as well 
as with different tests of the same sand, 
made the use of air appear imjwaetie- 
ablc. C. P. Karr claims to have obtainerl 
concordant results with air by means 
of a similar apparatus, but he tamps 
the sand by means of three blows de¬ 
livered by a weight of 14 lb. falling from 
a height of 2 in. 

Sharpness.—The sharpness of sand 
cannot Ik; expre.s.sed numerically, but 
a careful microseojneal examination 
will usually enable the relativ(( angn- 
laritj' of the grains of two samples to 
be compared in a few minutes. 

Strength.—The measurement of the 
tensile, compressive, and transverse 
strengths is useful in some cases, but 
usually the value is very low and the 
errors of exi)eriment are .so great as to 
destroy the value of the results. 

The greatest difficulty is exiierii-nced 
with sands which are jwactically free 
from clay, as these have no binding 
power, and therefore a mass of such sand has little or no 
strength, though that of the individual grains may be (mormons. 
Consequently, tests of the strength of sand are usually limited to 
(a) impure sands containing a considerable proportion of clay— 
such as moulding sands, and (6) mixtures of sand with Portland 
cement or lime, such as are used in concrete and mortars. Al¬ 
though the latter does not show the strength of the sand alone, 
it is often useful for comparative purposes, < 

The compressive strength or resistance to crushing may be 
determined by ascertaining the maximum weight which can be 
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Fio. 23 .--Perrae 4 ibilitv test. 
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carried by a cube of sand with 2-in. sides, the weigiit being applied 
in the form of a light aluminium cylinder with a base larger than 
that of the cube of sand. Water or mercury is run into the cylinder 
until the cube of sand loses its shape; the weight of the cylinder 
with its contents then represents the pressure applied to the cube 
of sand. So far, the resjilts, though interesting, are far from 
constant with different batches of the same sand, though consecdtive 
cubes made from a small, sample yielfi concordant results. The 
compressive strength of mixtures of sand with cement or lime 
should be made in a hydraulic press designed for the purpose, as 
the pressure required is greater than can be applied accurately 
by means of a simple weight. It is usually better to have such 
tests made by an expert. 

The transverse strength of a sand is determined by making bars 
of the sand each 1 in. square in section and>4| in. long. These 
bars are placed on knife-edge supports, 4 in. apart and loaded 
in the centre by means of a knife-edge to which is attached a small 

pan of aluminium, into which shot 
or mercury may b<f poured. The 
breaking stress is reported as 
pounds, or fractions of a pound, 
per square inch cross-sectional area 
of the test-piece. This teat is very 
delicate on account of the low stress 
required. 

Another simple method of test¬ 
ing the transverse strength of a 
sand is to make a number of test- 
pieces 1 in. square in cross-section 
and about 12 in. long. They should 
be placed on a glass plate and 
gradually pushed over the edge ; 
the amount which overhangs before 
breaking is a rough measure of the 
transverse strength of the sand. 

The tensile strength of a sand 
is determined by placing a test- 
piece of the shape shown in Fig. 
24, which is mMe in a mould 
of suitable shape. The mould is 
slightly oiled and placed on an 
Fio. 24.—Tensile test-piece. oiled plate of glass or metal, and 

^ ^ more than sufficient sand or mix- 

S* ture * to fill the mould is put in by means of a trowel and tamped 
carefully until the mould is filled evenly, and the water rises to the 

• It is seldom possible to determine the tensile strength of a clean dry 
sand, except by mixing it with a definite proportion of Portland cement md 
water and comparing the tensile strength of the product with that of sitnilar 
mixtures composed of other sands. 
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surface, giving it a shiny appearance. The superfluous paste is then 
removed by drawing the edge of the trowel across the top of the 
mould. Care should be taken that the mould is not vibrated 
during the test, or the strength of the test-pieces will be reduced. 

Moldenke employs a separable frame of hardwood 1 ^ in. thick. 
This frame may have one or more spices, so as to produce any 
convenient number of test-nieces at u time. Each space is loosely 
filled and heaped with the sand to be»tc'.stod. The sand is then 
compressed with a hand-rammer to J in. over the top of the frame, 
and this surplus is struck oS flush, strips of wood the size of 
the test-pieces and exactly | in. thick are laid on the sand over 
the spaces and are pressed flush with the frame so as to compress 
the already slightly packed sand and make the test-pieces exactly 
1 in. thick. The frame is then taken ajwirt and the test-pieces 
arc ready for use. For mixtures of sand with cement or lime a 
brass mould is to be preferred. 

In testing the strength of sands, the proportion of water used 
in mixing must bo taken into consideration. The effect of different 
proportions of water is shown in TabloLlX. by Moldenke. 


Tabi.k LIX. —Kkckct of Water on the Stuenoth of Sands 


Kind of 8an<l. 

No. of 
Sampli'B. 

r> iH*T font 
Watpr. 

7 1 iMT pent 
Water. 

JO Iter <rnt 
Walpr. 

Dry Sami. 

Fine 

IK 

0'i:t 

(IK) 

oi.') 

1-28 

Medium . 

10 

0-70 

l)-22 

0-11 

1-08 

Coarse . 

4K 

042 

o:ti 

0-24 

I-88 


Thi* ftBim* given Ih tlio jttmigth tif the wiml in imninU jier wpinre Ineh. 


A largo proportion of water in coarse sands is relatively more 
detrimental than with finer sands, as the coarser ones have a 
smaller surface area. 

If Portland cement is used as a binder the test-piece should 
be kept under water at a uniform tenijierature until ready for 
testing. If this is not desired, the test-pieces should bt; kept in 
a damp atmosphere for at least twenty-four hours beiforo testing. 

The test-piece is placed between the jaws of a tensile machine, 
such as that shown in Fig. 25, and tension is applied by means 
of shot which is poured into a metal can until the test-niece is broken. 
The load at the time of breaking is noted and the strei^h of the 
sample reported as pounds per sq. in., or in other convenient terms.' 
The various strengths of sands ar<« usually compared with those 
obtained by using “ Standard Leighton Buzzard Sand.” 

Viscosity*— The rate of flow of a sand may be determined by 
passing a known quantity of it through an orifice of definite siw 
and noting the time taken. Various sands may be compared in 
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this way, the time taken being a measure of the viscosity or rate 
of flow. It is e.ssential that the same vessel should be used through¬ 
out the whole s(!rics of tests, ns several factors, such as the shape 
of the cylinder, the nature of its interior surface, etc., can seriously 
affect the result (.sec p. 22")). 

In spite of the difficulties experienced in testing sands an^ in 
formulating sati.sfactory conclusions from the results of such tests, 
their valm^ is unque.stionai)le, and as 'users accustom themselves 
more and more to the study of the propt'rties of the sands they 



use. the greater will be the progress made. There is an increasing 
tendency to detailed standardisation of the different sands employed 
abroad, es|x.'(nally in connection with moulding sands, on account 
of th(^ common use of artificial mixtures, but in this country there 
is such an abundance of natural .sands which are sufficiently suitable, 
both as regards composition and phy.sical pro|X!rties, that there 
is less inducement to improve these natural materials. Nevertheless, 
a carefid study of the sands used for different purposes is very 
necessary for efficient work. The chief difficulty is that the most 
effective testa arc beyond the capability of the ordinary user, 
but this does not make their use unnecessary; on the contrary, 
they should be carried out by a suitable expert. 



CHAPrER VII 


PROSPECTING, MINING, AND QUARRYING SAND 
AND SAND-ROCKS 

In searching for sands it is of great itn|M>rtanee that the |)ros|H>et.or 
should have a good geological knonledge. so that he iiiav know 
where to expect sands suitable for his purpose, and what kind 
of sands are likely to occur in any particidar formation. 'I’lie most 
important general informatitm of the geology of sands has been 
given in Chapter II. 

A rough idea of the situatiot\ of the sand dc^posits in the Unihal 
Kingdom may l)e gained bv a study of geological maps, such as 
those ])ublished by the (Jeologieal Survey ; more detailed informa¬ 
tion. however, can only Ix' obtained by a eereful study of the site 
itself, taking advantage of the clues jjrovided by the hills, valleys, 
(Sittings, old (piarry faces, etc. 

In order to ascertain whether any sand deposit is likely to b(( 
of commercial imiiortanee, it is necessary to obtain the following 
information; 

The extent of the k'ds must be found liy a careful study of 
the surrounding land. Any exposures of the Ixals, such as in old 
quarry faces, etc., should be examined to sei' whether the particular 
b(*d under consideration is present, and, if so, its thickness and 
whether it is n'adily accessible. 

The slope of the Ix-ds in different localities will give some idea 
as to their extent. Thus, if the Ixsls are horizontal, they may 
extend for a considerable distani'c, whilst if they slope at a steep 
angle they may only be accessible over a very short atea on account 
of the thickness of the overburden. In some eases it may lx.' found 
that a bed becomes thicker in one direction and thins out until 
it disappears in another direction, or it may change in (piality, 
beiim valuable in one part of the bed but quite useless in another. 

faults, fractures, slips, hitches, etc., caused by volcanic or 
other action may have occurred in the district and may have 
broken up a bed, thereby causing trouble in prospecting for and 
in obtaining the material. Such occurrences must Ixi carefully 
studied, their direction Ix-ing recorded on a map drawn to a 
sufficiently large scale. 
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In some cases it may be found that a huge mass of rock may 
be intruded into a deposit, and careful study is then necessary 
in order to determine where the most accessible parts of the sand 
deposit lie. 

If the deposit is near the surface of the ground, it is necessMy 
to know what quantity of overburden or “ callow ” lies above the 
bed in different localities. Thus, in some parts it may be only 
a few inches, whilst in anotfier part of the property it may be many 
feet in thickness, rendering the winning of the sand much more 
difficult and costly. 

It i#therefore necessary in prospecting a bed of clay to map out 
carefully the whole area in both horizontal and vertical directions, 
indicating upon the maps the depth of the deposit below the ground 
in different localities, the inclination of the deposits, their thickness, 
and other important information. By this cneans the value of 
a deposit may be ascertained with some degree of accuracy, and 
arrangements can be made for it to be worked in the most economical 
and remunerative manner. 

It is desirable to divide the area to be examined into a consider¬ 
able number of equal parts and to make a pit or boring {infra) 
in the centre of each. The number of pits or borings may be 
minimised by a careful examination of the deposit by other means, 
as such borings are very expensive and some parts may be left 
untested in order to economise expenditure, but it is important 
not to take too great risks m this direction, otherwise a deposit 
may be found to run out after only a very short period of working. 
The results of any pits or borings mode should be noted upon the 
maps of the deposit, and the spaces betwtnm the borings filled in 
as accurately as circumstances permit. 

Boring.—For testing deposits which lie at a considerable depth 
below the surface the use of some type of boring apparatus is 
necessary. As these are costly, require some skill in use, and are 
only wanted temporarily, it is better to employ a firm of professional 
borers who will do the work for a definite price. 

The apparatus used for making such borings consists of a 
core drill, which is a long tube, the lower end of which is fitted 
with a cutting edge or, preferably, with diamonds, so arranged as 
to produce a core which can be removed either in the drill or 
separately, ^hey are usually started by hand and are then con¬ 
tinued by machinery. 

The examination of the material obtained by boring is by no 
means easy, as in the first place the passage of the tool may cause 
some admixture of different strata and so produce an incorrect 
sample. It is therefore necessary to take the utmost precautions 
to obtain a representative sample. Too much care cannot be 
taken to ensure accuracy in this respect. 

If ^he total length of the cores withdrawn does not agree closely 
with the depth to which the boring tool is sunk, seriously erroneous 
conclusions may be drawn. When a bed of apparently suitable 
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material haa been found, samples should bo taken from different 
parts of the bed in the manner described on p. -234, and carefully 
tested so as to determine their value for special purposes. 

Various rough tests may be applied on the spot in order that 
a general idea of the quality of the deposit may be obtained. The 
appearance of a sand (p. 205) may help somewhat in estimating 
its quality, though it is not altogether rcdiable. The application 
of a little hydrochloric acid to a small sample will render the presence 
of any calcium carbonate obvious. The compaetne.s8 or friability, 
which to some extent determines the ease of working, may be 
tested by digging with a spade, or breaking the stone, if it is'a rock, 
with a hammer. Other more detailed tests, such as those described 
on pp. 235-268, must also l)e carried out, the number and extent 
depending on the use to which the sand is likely to be jnit. 

Before finally deciding to work a dejmsit of sand or sandstone, 
it should always be tested su^icicntly exhaustively, so as to be 
perfectly sure that the quality is satisfactory for the purpose in 
mind, and the tests should bo carried out on a sufficiently largo 
scale to render it reasonably certaira that the material will be 
satisfactory on a commercial scale. 

Preliminary tests on a small scale, if proj)erly carried out, 
are the best means of saving costs in pros)X!cting, and should always 
precede larger tests, but the latter should never lx; omitted if the 
former give favourable indications as ,to the value of the material 
Neglect of this precaution leads to the waste of enormous sums 
of money by prosjx-ctors and capitalists. 

As the success or failure of the enteri)rue may eventually 
depend upon the accuracy with which the pr'ospcction and tests 
have been made, and the reliability of the indications given, it is 
wise to place the whole of the investigation in the hands of an 
expert. This is the more necessary as, even when the nature, 
situation, and extent of the deposits are known, there are several 
highly important matters—such as the planning of the mine or 
quarry, precautions against flooding, and the disposal of the over¬ 
burden—to be considered. 

The location of the site relative to the market for the product 
is a further factor requiring consideration, as it has not infrequently 
happened that a firm has suffered many inconveniences due to 
unsuitable location, when a little more knowledge of tljp distribution 
and sale of the material would have saved them much trouble. 

The valuation of a depo.sit of sand or sandstone must be based 
upon (1) its size, (2) its location, (3) the cost of fringing the 
material to the place where it will be used (t.e. to the surface, or 
on to the railway or boat, and thence to the user), and (4) the rate 
at which it will 6e obtained. The last factor is especially important 
to the purchaser, as the present value of a sand deposit, Mrtions 
of which cannot be used for some years, is necessarily different 
from what it would be if the whole deposit were to be used up in 
a single year. Thus, if the present value in poimds equals C, the 
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rate of interest for similar investments (usually taken as 4^per 
cent) =r, the niimbtir of years requiretJ to ivork out the deposit*=>E', 
the value of the sand or stone to be removed annually or the royalty 
paid per annum = \’ [raunds sterling, then 

ife*= 1 + . 

e-=i+10o- 

«. 100 V(i:"-'i) 


For practical purposes this may be simplified into Table LX., 
in which the first column shows the duration of the sand or stone 
deposit, and the second and third the number of times the yearly 
royalty or the value of the sand removed annually (V), which is 
equivalent to the total present value of the deposit. 


If R =the royalty in pence f)cr ton, and T = the average number 
of tons to be removed annually, 

RT 

240 


It will be noticed that the rise in value after fifty years is very 
small, and may usually b<^ neglected. Indeed, few persons would 
give, more than sixteen times the value of the sand removed annually. 
Even for the most valuable sand deposit and for most sands in this 
country the value of the ungotten material is not measured by its 
volume, but is very little larger than the agricultural value of the 
land. Thus a field containing an unworked bed of sand in a dis¬ 
trict where the agricultural value of the field is £30 per acre will not 
usually have' its value increased by more than £20 per acre as a 
result of useful sand being present. In some localities where special 
conditions prevail a higher value will be placed upon the land. 

Selecting a Site.—When a deposit of sand or sandstone has 
been thoroughly examined and found suitable, it is necessary to 
decide upon the method in which it is to be worked and the manner 
in which the deposit is to be opened out. 
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It is of great importance, before actually o)X‘ning out a quarry 
or sSnd-pit, that the site should be carefully and skilfully chosen, 
as a mistake in this preliminary work may eventually residt in the 
failure of a venture which ought to have been highly sueec^ssful. 

A considerable number of quarries have been started on the 
wropg side of a hill, so that no advantage can l)e taken of the dip 
or lie of the strata. In other cases, the men work “ straight ahead ” 
into a hillside when it woulfl be much (hca|)er to " edge ” the hill 
and to work at right angles to the present direction ; this is 
esiweially the case where there is a thick covering of overburden 
or useless material. Sometimes a site is cho.s<‘n which is suitable 
in some res|»cts, but is, on the whole, inferior to another possessing 
a single drawback which could Ih> overcome by a little ingenuity. 
Again, a site is sometimes selected near the top of a high hill and 
a long way from the railway or road, yet sand of the same quality 
is available much nearer to these facilities. In these and many 
other ways, .the selection of a suitable site is of paramount 
imjKrrtanee. 

In selecting a site, sjiecial attentioa .should be paid to (i.) the 
overburden, (ii.) the position of the dip and strike of the? strata, 
(iii.) the drainage possible, (iv.) the water-supply, (v.) the haulage 
grade to crushers and from thence to the railway, (vi.) the iM)sition 
of the railway and the cost of a siding, (vii.) suitable site's for istwcr- 
■station, crushers, etc,, and (viii.) the transportation facilities. All 
these items are of great importance, and if any one is wholly 
unsatisfactory, the site should usually be abandoned. 

The thickness of the overburden and the cost of removing 
and disposing of it very largely geevern the value of a given sand 
deposit, for it is obvious that an exce.ssive thickness of useless 
material cannot be profitably removed to clear a comparatively 
thin bed of sand. Hence, the site should Is; chosen so that there 
is a minimum thickness of overburden to l»e removed. Whether 
this can be done economically dejs'nds on the thickness of the 
underlying sand and on local conditions respeting the disposal 
of the overburden. 

The steepness or dip of the strata has a serious effect on the 
cost of haulage, especially if it is away from the face of the quarry, 
so that ail the sand has to be hauled up an incline. Such down¬ 
ward-dipping strata also cause further trouble by actjng cateh- 
pits for rain-water, unless a suitable system of drainage is installed. 

The Lay-out and Planning of the quarry or sand-pit cannot 
receive too much skilled attention, for much of tl\e difference 
between success and failure in working sand depends on the 
efficiency of the system used. Each quarry or pit presents its 
own special problems, and unless the working is carefully and 
skilfully planned, and the local considerations duly taken into 
account, there is likely to be failure. • 

In the first place, the stability of the quarry or pit must be 
assured, and all necessary precautions to secure it must be taken; 
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otherwise, there may at some time be a seriolis landslip, and lives 
may be lost. The precise precautions to be taken to ei^rc 
stability depend on the locality, but as a rule the width of the 
bench or platform should be equal to the length between each 
bench and at least half the height. 

The quarry should be* made in the side of a hill rather Jhan 
by excavating below the ground level, though in some case^ the 
latter is unavoidable. The quarry face should not be worked to 
a height of more than 25 ft. at a time; that is to say that if a greater 
height of face is desired, it should be worked as two or more separate 
benches or sub-faces, each of which is not more than 20-25 ft. in 
height. Excessively high faces are not economical, as they involve 
special precautions to ensure safety as well as the use of excessively 
large cranes, etc., which increase the cost of working. These 
objections are avoided by working in sections or benches of 20-25 ft. 
in height. High faces cannot usually occur in a sand-pit, but they 
are sometimes found in sandstone quarries. 

The site having been selected as skilfully as po.s8ible, the man 
in charge of the lay-out on working plan should exercise his skill 
and ingenuity in arranging that all the operations in the quarry 
or pit shall be planned so as to avoid all methods that place an 
unnecessary burden on labour. Thus, excessive rehandling of 
material, complexity in transportation systems, and loss of time 
through conflict of various operations should be avoided. In 
many cases this can be accomplished by a modification of the 
method, involving no heavy expenses in the purchase of new 
equipment. In large quarries, especially in the United States, 
hand methods are being largely superseded by mechanical means, 
not so much as a result of a pronounced shortage of labour as 
because the mechanical methods arc cheaper, quicker, and promote 
rapid increase in production. When labour is cheap and plentiful, 
the advantages of mechanical equipment, particularly in small 
quarries, are questioned by many quarry-owners, but in large 
quarries the advantages of mechanical equipment are generally 
recognised. The adoption of such equipment has, however, been 
slow in many places. This is due to various causes, the chief of 
which are conservatism, lack of information on modern equipment, 
and lack of capital. In some sand-pits and sandstone quarries 
in the Britisti Isles the use of rapid-working excavating machinery 
would be quite unjustifiable, because the total quantity of sand 
or stone to be moved in a year is so much less than the output of 
the smallest size of machines. For instance, a steam navvy will 
seldom pay if there is less than ten years’ continuous work at three- 
quarters of its full capacity, or say a quarter of a million tons in 
all. For smaller outputs to be worth the installation of a machine, 
either labour must be scarce or there must be some other con¬ 
sideration, such as the necessity for completing the work as rapidly 
as possible, the cost of which can be recovered in the price obtained 
for the sand. 
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A fruitful soMoe of waste in many pits is the needless handling 
of material, owing to the sand Ming unloaded and reloaded 
unnecessarily, or to its being dumped in plaees that require excessive 
labour for its subsequent removal. Such excessive rehandling 
may be due to lack of equipment, to faulty design, or to carelessness 
and oversight, but whatever the cause, its effects on the profits 
arc *ftbviou8. Such unnecessary handling is always costly, and in 
times of shortage of labouf it is iin}iei»tive that radical changes 
should be made to remedy such faults. 

In laying out a sand-pit, and especially a quarry, it is necessary 
to look well ahead and to consider what will be tlie effect of the 
present arrangements when the quarry has been working fifteen 
to twenty years. A further matter of importance is the “ weight x 
distance ” factor of all materials moved, which must lx- kept' at 
a minimum. Many anen in planning quarries pay much attention 



to the weight of the material to be moved, but they overlook the 
distance to which it has to be taken. In view of this fact, the 
disposition of the tram-lines or tracks leading from the quarry face 
to the works is a matter of great importance. If these are wrongly 
placed, either the men will be' hampered in their work or ^eat 
expense may be incurred in putting the tracks in a suitable position, 
or the cost of transport may be excessive. The ordinary method 
is to arrange a series of tracks radiating from the main line, or 
pair of main lines, to various parts of the quarry face (as in Fig. 26). 
In many respects this is a good arrangement, but it has the minor 
drawback of compelling the men taking trucks or wamns to the 
face either to wait untU the track is clear or to throw the empty 
wagon off the line and reinstate it later ; the latter process involves 
unnecessary labour, delay, and damage to the wagons. By using 
double tracks, this trouble may be largely avoided, though even 
then it is sometimes difficult to secure a wholly satisfactory mqthod 
of delivering empty wagons and removing full ones. 

When conditions permit, it is often better to arrange a track 
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along the quarry face and to have the material thrown into the 
wagons on this track. Some quarrymen object to this, because 
the tracks have so often to be altered, but in many cases this is 
less serious than is often supposed. When a steam navvy, grab, 
crane, or other mechanical loader is used, the arrangement of a 
track along the quarry face (Fig. 27) is by far the simplest and J^st. 

No one method is equally satisfactory in all cases, antf the 
quarryman who would get the best reilults must exercise consider¬ 
able ingenuity and skill. 

The Position of the Machinery relative to the quarry face and 
to the spoil bank on which the overburden is tipped requires careful 
consideration. The machinery ought obviously to be placed in a 
position where it is free from all danger from landslips or explosions. 
It should also 1 m; ploeed in such a position as to be out of the way 
of developments of the quarry face, spoil bap>k, or railway siding, 
and yet convenient for the supply of power and readily accessible 
from the works. Here again no general rule can be applied to all 
cases, but it is usually wise to keep the machinery 'well in front 
of the quarry fats; and soinpwhat below the quarry floor so as to 
make full use of gravity. The distance between the quarry face 
and the machinery ought to be sufficiently large to accommodate 
the s|:K)il bank, unless there is some hollow somewhere which can 
be filled with overburden and can never Ik; required for any other 
purpose. A serious mistake which is often made in planning a 
sand-pit or quarry, is to place either the spoil bank or the machinery 
on good material, which cannot, therefore, bo quarried, and is to 
all intents and purposes lost. 

It is an excellcht plan to allow space for machinery capable 
of producing five times the anticipated maximum output of the 
quarry, as this allows of ample development, keeps the plant well 
out of harm's way, and generally facilitates the working of the 
quarry. 

The chief Sources of Power in quarrying or mining sand, sand¬ 
stones, etc., are steam, producer gas, and electricity, with com¬ 
pressed air or water (wave transmission) as secondary sources of 
power. The use of these in connection with drilling is described 
on p. 30(); the power required for crushing, transport, etc., is more 
conveniently described under these respective subjects, and it 
must here suffice to state that in planning a quarry or mine, ample 
power should be provided, oven though it is n'ot all required at 
first; as the works increase in output, it is then easy to proceed, 
whereas in the absence of provision for ample power the whole 
future of tM property may be jeopardised. 

The other chief items requiring attention in planning any given 
site or quarry are: (i.) the floor; (ii.) the drainage; (iii.) the removal 
of the overburden or stripping; (iv.) the methods of extracting 
the s^nd or stone; (v.) the removal of the material to the crushers; 
and (vi.) the position of the various accessories. 

The floor of the pit or quarry, where possible, should slope 
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sway from the face, and its lowest point should, where jiossible, 
lie above the drainage-level of the surrounding area, so as to avoid 
the necessity of pumping. Where the nature of the strata jiermits 
it, an almost level floor is in every way preferable to a steeply 
sloping one. The arrangement of the floor so as to ensure good 
draiittage is very important, and failurd in this resfsiet is one of 
the commonest causes of ^oss. If the lieds aii* develoiH'd down 
the dip of the strata, accumulations (if water may occur at the 
working face after very heavy rain, and cause a teini)orary susiam- 
sion of operations, with consequent loss of lalsnir. If the beds are 
worked in the opjwsite direction, the water will drain away, and 
no accumulation of water at the face will be possible. Wheie the 
sand or stone lies in horizontal l)eds, the working is rendered very 
simple, as the smooth floor requires little or no grading or ballast 
for tracks, and track'laying may b(^ accomplished with a minimum 
of lalmur. A smooth floor al.so,facilitates loading. 

The dr^nage of a pit or qtmrry is a matter which should have 
more attention than is commonly paid to it. The wise manager 
will always endeavour to secure natural drainage as far as possible, 
and even where some pumping is nece.ssary it is mOst economical 
to attemi»t to secure natural drainage for the site as a whole, and 
to pump the water from a sump or well, into which the water from 
the rest of the workings drains naturally. This can usually bo 
secured with a little forethought and planning, so that there is 
a slight slope in the floor of the quarry towards one or more dihnite 
sump or wells. Unless this is done there will la* a series of delays, 
much slow working and some accidents, becauijt? the face and floor 
are too wet. The above precautions may .seem to be an unnecessary 
expense, but the results arc well worth the cost. In some old 
quarries with which the author is af;<(uainted, it has even lx*en 
found profitable to abandon the existing face and to rcojx-n the 
quarry at a different point, so as to ensure efficient drainage ; 
the lower costs of working the quarry under dry conditions rapidly 
paid for the cost of reopening the stone at a different point. Where 
.such a course w'ould lx? regarded as t(M) drastic, it is usually possible 
to work along the strike, I.e. at right angles to the dip of the strata, 
in order to secure natural drainage of the sections or Ixjnchcs. 


GETTING THE MATERIAL 

The methods of working deposits for sand vary .very greatly 
according to the nature of the de|x>sit. Sand-bearing deposits 
may be roughly divided into the following groups: 

1. Loose or slightly coherent sands. 

2. Harder roclu, such as quartzites, sandstones, ganister, etc. 
The deposits may or may not be covered by a certain amount 

of overburden, so that the processes of working will be dmribed 
under the following heads; 
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1. Removal of overburden. 

2. Working loose sand deposits in open quarries or pits. 

3. Working sand rocks in open quarries. 

4. Working sand rocks in mines. 

Removal of Oveebueden 

In some localities whcSro the overburden is thick, its removal 
involves problems in* quarrying which are almost as great as tho«^ 
in connection with the removal of the sand itself. In most cases, 
however, it is not profitable to remove more than 6 ft. of overburden 
■in order to obtain direct access to the sand beneath. 

The overburden to be “ stripped ” or “ ridded ” is usually 
of a relatively soft nature, and can be removed either by digging 
by hand or by excavating machines, or, if" sufficiently thick or 
accessible, by means of a steam ijavvy. If the quarry is near a 
watercourse, the ridding may sometimes bo effected by washing 
away the material hydraulically with powerful jets of water applied 
by fire engines or similar appliances. In such cases powerful 
hoses are used, through which a stream of water lJ-2 in. diameter 
at a pressure of 40-60 lb. per sq. in. is directed on "to the material 
to bo stripf)ed, and the latter is rapidly washed away. If water 
is rather scarce, the product from the washings may be collected 
in settling ponds and the clear water used over again, but this 
raethcxl of stripping gives the best results when the waste material 
can be discharged into a river, or deep lake, or even into the sea. 
This is a cheap method, but it can only bo used where there is an 
abundant supply of water and a large dumping area at a suitable 
level. 

The nature and amount of material to be moved governs to 
a great extent the methods to be used. The most expensive 
method of removing overburden is by pick, shovel, and wheel¬ 
barrow or wagon. These tools can only be applied economically 
where the overburden is very thin or the conditions are such that 
other implements cannot be employed. Under average conditions, 
a man may be expected to shovel into an ordinary wagon 20 cu. yds. 
of light sandy soil or 16 cu. yds. of heavy soil, well loosened, per day. 
In hovelling ordinary earth, a large number of experiments have 
shown that .the most economical load for an average shovel is 
21 lb. The size of the load and the shape of the spade or shovel 
vary with the material being handled, and if these matters are 
properly cai^d for there is«. possibility of increasing many a man’s 
output by about 50 per cent, as most men lift about 16 lb. on each 
shovelful. This increase in output comes partly from experience 
and industry, but chiefly by using a shovel of a Shape suited to the 
work and seeing that the man is taught how to use it. 

Is loading wagons, a man working un^er normal conditions, 
suid using a DThandled shovel, will throw the following amounts 
in ten minutes: 
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Height of WagoQ. 

Volume of Earth tinown. 

an. 

1 -4 cu. yds. 

4 ft. 

1-3.3 ,. 

4 ft. 6 in. 

1-2 

5 ft. 

l-l 

6 ft. 6 in. 

0-9 

8 ft. 

<>« 


In casting ordinary ealth through ^a horizontal distance not 
exceeding 10 ft. a man will average 18 shovelfuls [wr minute. 

In loading wheelbarrows or low carts without an end and not 
exceeding a height of 33 in., a man casting average earth will 
have an output of about 15 shovelfuls [xt minute. 

The influence of several men on each other is important, and 
a good foreman with a gang of contented men will get through 
more work, and at aach throw will deliver a larger shovelful, than 
if the men are discontented or isolated. As the number of shovellers 
to each wagon is increased above four the average efficiency will 
decrease, and if ten shovellers were employed on om^ truck the 
average efficiency would not exceed 8.'\ pi^r cent. 

A correct position is esscuitial in shovelling, and it is w'ell worth 
while to teaeh a man how to dig and shovel properly. Few 
labourers know how to move their luxlies, or ti> handle the shovels 
so as to make the work easy for thfouselves and rajiid for their 
employers. The men should be placed at tluir work according 
as they are right-hand or left-hand workers. The right-hand 
man casts his load from his right side, while the left-hand man 
throws from his left. Where possible, the men should lx? trained 
to shovel either right-handed or left-handed.’ Standing close up 
to the material, the man should bend his back and his shoulders 
forward, not as in picking an article from the ground, but so that 
he is well balanced on his feet, one leg being well in front of the 
other. In digging, the spade should lx; pressed directly, then 
lowered back and lifted horizontally with the load. In shovelling, 
on the contrary, the wrist of one arm should Ixs laid on the knee 
of the front leg, and the other knee should rest against the end of 
the shovel. 3Tie shovel is thrust into the mass by the movement 
of the body, the object being to throw the weight of the body into 
the motion used in thrusting the shovel. When the shovel is full, 
the knees and back are straightened, without altering the jxwition 
of the hands. The load is then cast away by turfiing the body 
when the height and distance are not great. W’ith longer throws, 
the arms must be used to give the shoyel the necessary motion. 

Scrapers. —Apart from picks and shovels, and when only a small 
outlay of capital is available, a plough and scraper arc among the 
most efficient implements which can be employed, on account o| 
their adaptability and comparatively cheap working cost. The 
plough is necessary to loosen the earth before the scraper jean be 
nlled! A horse-drawif drag scraper is more suitable for close work 
and short hauls, and a wheel scraper for open work and long hauls. 
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The latter has a larger capacity than the former, and, being on wheels 
is much easier for the horses. One plough moving fairly steadily 
cm loosen about 300-400 cu. yds. per day. Better results can 
usually be secured in very hard or tough ground by a scarifier 
drawn by a tractor or roller, but in ground of this nature blasting 
is usually more economicaJ when the depth of the material tq be 
loosened exceeds 3-4 ft. * 

Horse-drawn scrapers hgve a gross ckpacity of 3, 5, and 7 cu. ft. 
and a net effective capacity of about 00 per cent of these quantities. 
Each scraper will pla<v. under average conditions 50-65 cu. yds. 
of compacted fill per day, but a scraper hauled by a drag-line has 
four times this output. Ploughs and similar appliances are only 
suitable where the overburden consists of a relatively soft material 
such as “ soil,” clay, or gravel. 

Drag-line excavators, which consist of «, rectangular tray, 
or skip, with a cutting or scarifying device at the front, are some¬ 
times used for removing overburden. The tray is suspemded from 
an elevated ro|X!way in such a manner that it can be drawn along 
the ground by a hauling rofy and can dig slightly into the ground 
and fill itself simultaneously. As the hauling rope may l)e of any 
convenient length, a drag-line excavator has a wide range of action 
and can be used on slo|x?s as well as on level ground. Drag-line 
excavators are not seriously affected by wat<‘r or floods, and they 
can often work under conditions which would be unsuitable for 
any other form of mechanical excavator. This type of excavator 
is more fully described in connection with the working of loose 
sand de))osits (p. 282). 

Steam navvies ate th(> eheaix-st means of excavating a thick 
overburden. They work most efficiently in loose material which 
is sufficiently thick to allow the shovel to make a cut throughout 
the greater part of its stroke, as steam navvies are not usually 
economical when they cut or dig during only a small fraction of 
the stroke. These machines are further deseribed in connection 
with the working of loose sand deposits (p. 283). 

Grab excavators are similar in many respects to a steam navvy, 
but instead of the bucket being forced into the material by means 
of a jK)werful arm or boom, a “ grab ” or ” clam-shell ” bucket 
is suspended from the end of the jib, and as it drops on to the ground 
it digs into the latter. On tightening the appropriate rope, the 
grab is filled, blosed, and hauled up. The crane then revolves, and 
eventually the contents of the grab are discharged into a truck 
or wagon. Grabs are dealt with more fully in the section on 
working loos6 sand deposits '(p. 287). 

Ladder excavators are a modification of a well-known device 
known as a bucket elevator, and consist essentially of an endless 
belt to which is attached a series of buckets, each provided with 
a diggjng or cutting edge. They are more fully described in the 
section on working loose sand deposits (p. 290). 

Explosives may be used for loosening rocky or other hard 
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overburden, and are employed in a manner similar to that used 
prior to excavating hard sand rocks (p. 295). The loosened material 
is afterwards loaded by one of the appliances described above. 

The cost of removing overburden and delivering it into wagons 
may be estimated roughly from the following figures : 


IInM shovel and tipping wagon.l.W. |)or cii. yd. 

Steam navvy and wagons hauled by small ongino . 8d. „ 

Stuam navvy and stripping conveyor roturniHg overbvmU'ii 

to disused workings.4<l. 

Drag-line scraper (to loading platform only) .... 4d. 

Hydraulic stripping.2d. 


These figures are quite general in character, and have to be 
modified greatly before they can la^ applied to some (piarries. 

The disposal of the overburden is a matter to which much thought 
should be given, l»?cause the removal of the material at a later 
date w'ill add unnece.ssarily to the co.st of working. This is a 
precaution which ought obviously to lx- taken by all (piarrymen, 
yet it is surpri.sing to find how often the overburden i.s tip|x<d on 
valuable deposits which will be requirdd at some future dat<\ 

In selecting a tip or dump, care should he taken that (i.) the 
material placed on it can do no harm, and (ii.) it will not in any 
way interfere with the future develojmient of the works. 

.Sometimes it pays to carry tlie '* stripping " to a natural valley, 
hollow, or .swamp which will lx- more useful if filled, hut usually 
the best place for the overburden is well Ix'hiiid or well to one 
side of the works or between the works and the quarry fa(H‘. 

For conveying the strii)|x'd ?uatetial to llie tip, wheelbarrows, 
wagons, or conveyor Ixfits are used, but oecasionally an overheoel 
ropeway is employed. Wheelbarrows are the slowest and most 
exix>nsivo, except for very small quantities ; conveyor Ixdts are 
cheapest if the quantity to be conveyed i.s siittieicnt to justify their 
instalment and the distance is not too great. For longer distances, 
the choice between wagons and a nqx'way must largely diqxmd 
on local conditions. 

Where a wide tip is re(iuired to Ix' made by means of a ro|x!way, 
the use of rocking towers at either end of the ro|x- may Ix) an 
advantage. An arrangement of this kind—known as the Harrington 
rocking cableway—is supplied by the Railway and Industrial 
Engineering Co., Greenburg, Pa., U.S.A. (See also Ghapter XI.) 

WoBKiNO Deposits ok Loose Sand 

The commonest raethcxl of working deposits of loose sand in 
this country is by hand, as most of the pits arc comparatively 
small and hand labour is perhaps the must economical means of 
getting the sand. The material is dug in practically the same 
manner as has been described for removing the overburden (p. 278)t 
The plough and scraper (p. 279) may sometimes be employed, though 
its use is somewhat rare. 
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Where the eand is to be removed on a sufficiently large scale, 
it is preferable to employ mechanical excavators, the particular 
type used depending on the nature of the deposit and the methods 
by which it can be worked. 

Scoops are not used as extensively as they might be in quarries, 
because they are insufficiently known, particularly in Great Britain. 
As the work to be done by them is very rough and heavy, seftops 
must, of course, be correspondingly ^roiig, and the hauling or 
pushing mechanism must be sufficiently powerfid. The scoops 
used are of two types : (i.) scoops hauled by a rope and known as 
“drag-line excavators”; (ii.) scoops pushed into the material and 
either lifted and moved away or so arranged that the material is 
foreed on to an endless belt at the back of the scoop and is thereby 
removed. The buckets or di|)pers attached to steam navvies or 
ladder excavators may, of course, Imj regardsd as scoops, but it 
is more convenient to exclude them, as they are described later. 

Drag-line excavators are sometimes quite .satisfactory for excavat¬ 
ing loose deposits. As pr(5viously mentioned, they consist of one 
or more buckets with a cutting or scarifying edge, which are dragged 
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over the ground by a rojic and so scrajHJ up a load of tbe material, 
the amount de[)en(\ing on the size of the bucket.' Drag-line 
excavators are of two ty|x)s: (i.) those in which the skip is hung 
from the jib of a crane and is hauled towards the body of the crane; 
and (ii.) those in which the skip is operated by a ropeway. The 
latter have far greater range, though a skilled man operating the 
first type can swing the skip 30 ft. or more beyond the end of 
the jib. 

In both typos of drag-line excavators a high speed of operation 
and ample digging power are the most important factors; flimsy 
apparatus is useless in this type of excavator. 

A drag-line excavator operated from a ropeway (Fig. 28) is very 
popular in thp United States, and by its means the sand can be 
excavated, elevated, conveyed to the plant, and dumped in what 
is practically one continuous operation. 

Pusher-scoops are very useful for beds less than 3 ft. thick. 
They are self-propelled and can work their way through a mass 
of sand at the rate of 70 ft. per minute,- moving a maximum weight 
of a ton per minute and dealing with blocks up to 9 cwt. each. 
They have not been used to any great extent in England, but the 
^tyerstWhaley shovelling machine has met with great success in 
some quarries in the United States. One of these machines, requiring 
thrw men—a driver, a wagon coupler, and a helper—will do as much 
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work as twenty men with hand tools. The front of the shovel 
is so designed that it will reach 10 ft. to either side from the centre 
of the track. The machints requires 20 h.p. to drive it at full 
capacity ; either compressed air or electricity may be used. 

The use of a tractor for working a scoop offers considerable 
pc^sibilities and is worth consideration in some quarries. The 
chibf difficulty is that where the ground is so rough as to make 
a scoop practicable," it will* 80 on wear o«t the tractor. 

In an American machine, made by the Pawling and Harnischfeger 
Co., of Milwaukee, U.S.A., a boom is fitted which, when digging, 
is horizontal, the scoop running along it away from the tractor. 
When the bucket is full, the boom is raised and the machine turned, 
BO as to tip the material into a truck or other receiver. Another 
useful scoop is the Rapid-digger (kj.’s machine (Fig. 29), which 
is hauled and dischivrgcd mechanically, but is guided through the 
material by hand. This machine can Ix^ (piickly moved about 
under its own power ; it has a reasonably long working range and 
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is, under favourable conditions, equivalent to the work of ten to 
fifteen men. 

Steam navvies (Fig. 30) are very satisfactory for digging sands 
which are sufficiently friable, and if there is a sufficient thickness 
of material to work upon. For effective work with a steam navvy, 
however, the quarry must have a long face, with a terrace or bench 
of sufficient width to accommodate the navvy and two sets of lines, 
for the wagons and the whole of the material must be dealt with 
“as it comes.” If much sorting is necessary—as when fissures 
or intercalations filled with clay or other materials occur—a steam 
navvy is of little use. For excavating or lifting shattered or broken 
stone, a steam navvy should be of suitable design and with a long 
range. Some of the most suitable ones will “clean up a quarry 
floor ” as well as load from a high bank. In a pro^rly arranged 
quarry of sufficient size to keep a steam navvy fully occupied, this 
machine will be found to work remarkably cheaply, for excavating 
either sand or a shattered rock, or for picking up broken stone, 
provided it has enough work to do. • 

To work efficiently, a steam navvy must be able to work 
continuously for eight hours per day during five da^ per week, 
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and in most cases it is essential that the navvy should work during 
a considerable part of its stroke. To get the best work from a 
steam navvy, it must also be supplied with sufficient trucks or 
wagons into which it can discharge its contents, unless it is tipping 
overburden direct on to a spoil bank. The lack of sufficient wagons 
is one of the commonest causes of steam navvies ixnng less profitf^le 
than is expected ; this difficulty is best overcome by frequent 
obs(!rvations and detailed accords of irA-formance. Such records, 
if attended to quite jjromjdly, are invaluable, as indicating irregular 
or other inefficient form of working. 



Wiwrft/H, rforuHltii <{■ To., Ltd., Lincoln. 

Kio. IM ).—Steam navvy. 

Overturnings are not frequent with steam navvies, but they 
are so troublejtonie and dangerous when they do occur, that all 
reasonable care should be taken to prevent them. In the smaller 
sizes of navvy the wheel base is extremely small, and if the base 
is swung with a load beyond the safe capacity for an increased 
angle of elevation, the machine may be tipped on its side when 
this angle is increased very slightly as a result of slight inequalities 
in the rail b(«l. Even when travelling on a straight triu;k and with 
the axis of the Iwom parallel to that of the track, slight obstructions 
on the. track are sufficient to cause disaster if the navvy is at, 
or near, its ultimate lifting capacity and its point of safe Mance. 
Another source of risk lies in failure to keep in the best conffition 
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the road over which the machine must travel. Frequently, in an 
effort at economy, light-weight or partly decayed alecjK’r.s and 
second-hand, defective or light rails have been used, resulting in 
an inconvenient, and unsafe road-b<'d. If the road-lx'd is not 
kept in good condition and pro|x>rly drained, it will liecome uneven, 
so Ahat the navvy dmw not travel stewdily and is very likely to 
ovetturn. 

If the driver cannot sef towards the rt'ar as wdl as all around 
the machine, ix>()ple may be injimal. jiarticularly whcui it is turned 
on its table, or when it moves backwards. A pair of reflecting 
mirrors, similar to those used on motor-cars, help to eliminate this 
difficulty, if the mirrors are of sufficient sir.c to afftird an ample view. 
It is still Ix'tter if the driver, when standing in bis usual plac(> and 
turning his h<'nd, can sec la'liind the navvy, though this cannot 
always be arrangcdis 

I'nh ‘ss the makers or other equally skilled specialists in navvy 
construction, are employed, no im])ortant paits <if the steam navvy 
—particadarly the boom—should Is- changed. Thus, the lengthen¬ 
ing of the boom immediately reduce# the ea|)ueity of the navvy 
to handle safely the normal loads at a given elevation, whilst an 
increase of the steam jaessure, to ixTinit the lifting of heavier 
loads at great(T boom elevations, introduces strains which may 
result in a sudden collapse. The failun^ of many crane drivers 
to realise the trmnendous induction yi the safe capacity of a crane 
which follows any change in the elevation has resulted in the 
colla])se of many cranes, and corresjamding alterations to a sU'am 
navvy may have a similar result. ^ 

A stealn navvy may also be overthrown by making it travid 
at too high a sjRu-d along its track, rotating it on its turntable 
at a high speed, with the load swung to the full length of the boom, 
or by suddenly dropping the bucket from a considerable height, 
followed by a slight turning of the machine. 

S(?vcral devices have Ix'en attached to cram's and steam navvies 
to indicate when they are at the jioint of overturning and to give 
audible warning b(>forehand. Th<‘ Ix'st devices of this kind are 
placed in the cabin close to, or in full sight of, the driver ; they 
are frequently supplemented by an indicator placed on the boom, 
which shows by means of a pointer the maximum weight which 
can safely be picked up for any given Imom elevation. This 
indicator may also show the safe overload clearance of the boom. 

When the navvy is derailed no leverage action should ever b(s 
created by attaching the boom in an almost horizontal position 
to a track overhead, and then ai)plying power to ifft the navvy 
so that it may lie swung again on to the rails. Such treatment 
introduces the severest strains to which the navvy could be subjected, 
and in addition to damage to the essential j)arts of the Issly, the 
housing of the hoisting mechanism and the anchoragt^s of thp turn¬ 
table may be torn apart in this procedure. 

Steam navvies, like other machines, require occasional repair 
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and continual maintenance, so that adequate platforms, steps, 
or ladders should bo provided, from which oiling, adjustments, 
or repairs may be safely performed so as to prevent the repair 
men from being exposed to unnecessary risks of falling. 

Most steam navvies are now fitted with an over-hoist or over¬ 
travel stop that automatisally arrests the upward travel of j;he 
boom and the bucket, if the operator fails to stop the machine 
at the proper time. Some* drivers su{ij)ly the power and calmly 
wait for the load to come in contact with the over-travel release, 
thus stopping the machine automatically. The danger of such 
an operation is evident, and it should be a matter of strict discipline 
to see that it is not mode a regular practice. 

Every steam navvy reqeiires to be lubricated in order to prevent 
wear from friction and destruction from rust. The lubrication 
of the cables is sometimes accomplished by a nan standing on the 
trolley, who applies the grease as the cable is wound up. Sometimes 
the cable is all wound up and the lop half of the dram properly 
weased. The bottom half is then grea.sed after the dram has made 
half a revolution to bring the ungreased cable into an upward 
position. Another greasing device, attached to the top of the 
hoisting block, consists of a brush or collar made of soft wicking, 
which surrounds the cable and is conneeted with the tank in such 
a way that the rojje in passing through the collar or brush becomes 
properly lubricated throughoqjb its entire length. 

A steam navvy requires a small gang of men, and when worked 
properly and well supplied with wagons it can load a great mass 
of material in a day. Efficient service dejwnds on strong mechanical 
construction, adequate care and management by a skilled worker. 
Inefficiency usually results from inadequate supply of wagons for 
the removal of the loaded material rather than from improper 
handling of the steam navvy itself. 

While the first cost of a steam navvy is high, with proper care 
the cost of maintenance is not excessive, and where the surface 
is fairly uniform and level a steam navvy is probably the best 
device for removing any sufficiently large quantity of material. 
In fact, four or five men with a st^m navvy can load as much 
sandstone as forty-five men by hand methods. 

For excavating rocky material, a large and powerful navvy 
is needed, the “ railroad ” type being preferable, but for softer 
material and for smaller outputs, a revolving steam navvy is often 
more advantageous, especially if it is mounted on wheels or 
“ caterpillars,” so as to travel forward under its own power. As 
the smaller sleam navvies are not as strong as the larger ones, 
care should be taken to select a machine of ample strength for its 
intended purpose. Thus, it may be more profitable to purchase 
a machine of much greater strength than is needed for the stripping, 
if it ca« be used later for loading the sand or stone. 

Although usually known as “ steam ” navvies, these machines 
may be £iven electrically, and in many quarries the latter is 
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preferable as it* saves the cost of hauling the coal to the quarry 
face. 

The saving effected by using a steam navvy as compared with 
hand labour depends on the proportion of the working day during 
which the machine is actually digging, and this, in turn,'deiiends 
on.there being a sufficient number of wagons or cars ready to receive 
the* excavated material. The wagons or cars may often Ix! run 
along the top of tl^^ bank^of a shallo\a cut and kept moving in a 
continuous line, excc|)t for the delay caused by turning and then 
backing them up to the navvy, when this is necessary. 

Among the more imjwrtant precautions in working steam 
navvies an* the following : The boiler must Ik‘ jiroix-rlv cared 
for and not fired too rapidly when it is full of cold water. It is 
important to clean the flues once a wcok or the boiler will not 
steam proix'rly, and to blow off sufficient watc'r once a daj'W'hen 
the boiler is at about (id lb. pressure. The boiler should Ix) 
thoroughly cleaned once a fortnight. The cylinder cocks on the 
engine must be oixmed Ixdore starting, after standing for some 
time ; failure to do this may result in a lcx),se piston or the knocking 
out of the cylinder head. When thec engine is warm, the cocks are 
closc*d. It is desirable to 0 {x?n all the drain cocks and to drain the 
lubricator before leaving the engine for the night, othcerwLse in cold 
weather the water in the engine may be frozen solid by morning. 

To prevent accidents due to e^xj)lo.sives Ixdng prematurely 
fired by sparks from a steam navvy, the following additional 
precautions should be taken : Before loading is begun, the steam 
navvy and locomotive shoidd be withdrawn from the face of the 
quarry to •such a distance that no sparks froih them could, under 
any circumstances, be carried to the explosive in the holes, or on 
the ^ound above or around. If there is any danger from sparks 
or cinders, a canopy should bo provided which will protect the 
explosive from flying sparks. A covered hopjxfr may be used 
for black blasting powder. 

Where an unexphxled charge is uncovered by the steam navvy, 
operations should cea.se until the explosive has been recovered 
and removed to a safe distance. 

Crabs (Fig. 31) are also very useful for working loose deposits, 
as they serve not only as excavators but also as loaders. A grab 
consists of a special device cotisisting of a container, the bottom 
of which is formed of two jaws meeting at the centre. The grab 
is hung from the rope or chain of a crane. The jaws arc opned 
and the grab is lowered rapidly on to the sand or stones to be lift^. 
By its impact the grab jxinetrates into the materiil, and when 
withdrawn its jaws close and the grab carries with it a load (up 
to about 15 cwt.) of material. A pull on a rope reopens the jaws 
and the grab discharges its contents. 

Grabs are not very suitable for loose dry sand, as so n\pch of 
it leaks out before the grab discharges its load. They are excellent 
for gravel, small stones, sand, and clay. 
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A serious objection to grabs is that they will hot remove the 
whole of the broken sandstone from a floor and leave the latter 
clean, but they are excellent for removing large quantities of loose 
material if it is not too fine in character, the last portions being 
loaded by hand. 

The cranes used for grabs mu.st be movable, so that they pan 
be transported from jJace to place, and are preferably self-propelling. 

It iif a great convenience if a 
locomotive or travelling crane is 
fitted with a revolving mechan¬ 
ism, so that the crane may be 
turned in every direction. 

Electric cranes are in every 
way satisfactory when the erwt 
of electric •current is not too 
high ; they work rapidly, and yet 
are very economical in regard 
to powcu', but they cost more in 
the first instance and also for 
upkei^p and repair. The motors 
on an electric crane must be of 
the iM'st quality and of robust 
construction ; a continuous cur¬ 
rent series - wound motor is 
better than a shunt-wound one 
or one with an alternating cur¬ 
rent, though the latter are 
regarded with satisfaction in 
some quarries. 

The stability of the crane 
in use is a matter of greatest 
importance, as more serious 
crane accidents are due to the 
crane being used outside its 
range of stability than to any 
other cause. The necessary 
stability is obteined in station¬ 
ary cranes by weighted fixed 
sleepers, to which the masts 
and guys are' attached, and, in .some cases, by a counterpoise so 
placed as to prevent the crane falling over in the direction of the 
load. In arranging the stability of such cranes, care must be 
taken to pr'ovide for sudden loads not strictly central to the 
crane, whereby the greater part of the load is thrown on to one 
“ leg ” or guy, or the stress is applied chiefly to one sleeper 
instead of equally to all. A common, and usually safe, practice 
is to pse on each sleeper a ballast-weight equal to at least twice 
the load to be lifted. 

In locomotive and revolving cranes, the engine and boiler are 
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usually placed as a counterpoise, and in selecting a crane of either 
of these types, care should be taken to see that the oalance is properly 
maintained at all reasonable positions of the crane and maximum 
load. Wedges and rail clamps are fretjuently used for locomotive 
cranes, and are quite satLsfactory within their legitimate limits, 
butyshould not be relied upon for exceptionally heavy service. 

ITi revolving a locomotive crane, there is always a tendency 
to cause it to fall o?er by ^ppljdng it to a load which is beyond 
its normal radius, or on one side of the jib, or by swinging the crane 
round in such a position as to place the load outside the normal 
radius, namely the horizontal distanee from the centre of gravity 
of the suspended loail to the axis of rotation of the (Tane; as, for 
example, the horizontal distance between the centres of the hoisting 
hook and the centre pin of the crane. Another common cause of 
mishaps is due to kesping the jib at a six-cilied radius, but dragging 
the grab from a point Ix'yond this radius. The capacities of the 
crane given on the identiticsitifin plate apply only when the load 
is directly underneath the hoi.sting block. Moreover, they are the 
maxima allowable, and care must be iaken not to overstrain the 
crane by exceeding them. 

Many of the motions of hoisting, turning, travelling, and varying 
the radius may be effected together, and thereby much time may 
be saved. The following matters should bo considered in working 
locomotive cranes with grabs : ^ 

(а) Whether the load to Iw lifted is too great. 

(б) The possibility of the grab being caught between stones 

pud so held by them. • 

(c) The radius at which the load is ojxirated ; the hoisting 

line should Iw vertical when lifting a load. This fact 
explains the importance and advantage of a derrick 
crane in which the jib can Ik‘ raised or lowered so as 
to vary the radius to suit the positions of the load. 

(d) The proper distribution of the ballast or counterpoise. 

(e) The wedges or clamps must te projxsrly placed. 

if) The turning must be as rajrid as possible so as not to waste 
time, yet must not be excessive, or an accident may 
ensue. 

{g) Checking the load very .suddenly by the brake is always 
dangerous. <• 

(h) The condition of the track—whether level, with a high 
elevation on one aide, or curved—must 1» considerM, 
as it has a great effect on the movement ef the crane 
and on the loads which it is safe to move. 

(») Whether the load is to be lifted with the main hoist-block 
or with a single line. This involves a careful con¬ 
sideration of the load and the radius throughout the 
whole movement. 

The foregoing remarks must not be taken as indicating that 

vot. I f 
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the crane and grab form a delicate and risky raa'chine, for that is 
not the case ; at the same time, much of the difference between 
efficient and inefficient working is usually duo to a number of 
simple, yet often neglected factors, such as those mimtioned. 

Candessness in fixing and working cranes has been the prime 
cause of many accidents, and, for this reason, care should be t^ken 
to employ only skilled crane drivers and to give them every fitcility 
for doing their work propcjrly. * 

Cranes are provided with either chains or wire rofs's. Corrosion 
is not so serious with a chain as with a rope, and the durability 
Ls much greater, but, as chains arc both costly and heavy, wire 
ropes are (^xtcmsively used, and if well cared for are quite satisfactory. 
In estimating the strength of a chain, it must be reineml)ered that 
this depends chiefly on th(! thickness of the metal and not on the 
size of the link. <, 

Whilst crane manufacturers can usually be relied upon to provide 
suitable pulleys, it sometimes happtffis that when a crane is purchased 
second-hand, or a broken jadley is replaced by a new on<‘, tlu? pulley 
or winding drum is of too tynall a diameter, and so puts too severe 
a strain on the rope. This may aj)|«>ar a matter of small imjiortance, 
but lack of attention to it has been the caust^ of several accidents. 

In addition to susp(‘nding a grab from a crane, it may l)e 
suspended from a cable and o|)crated by a single winding dr-ura. 
The grab digs into the material, i)icks up a load, is hoisted and then 
conveyed along the cableway ti'ack, its loarl drops automatically, 
and th(^ grab then returns to the starting-point for the next load, 
always under the control of the hoisting engineer. 

Ladder excavatdts (f'ig. 32) are not used to any great extent 
in this country, but tluy arc very useful and may profitably l)e 
applied in cases where there is a demand for an exceptionally large 
output -at least 3000 tons |M‘r week. As previously mentioned, 
they consist of an endless belt to which is attached a series of 
buckets, each provided with a digging or cutting edge. The 
buckets are jdaced at a suitable angle to the surface of the material 
to be excavated, and. as the belt rotates, each bucket digs into the 
material, is tilled, carried toward, and eventually discharged into 
suitable wagons. If the belt is of sufficient length and the excavated 
material is overburden or “ spoil,” it may be carried sufficiently 
far to be tipped at the back of the workings, where it will do no 
harm, and the ex|)en.se of wagons may then be saved. Ladder 
excavators can be worked satisfactorily on an almost horizontal 
surface. The driving and supporting machinery may l>e either 
above or b^low the material to b(; excavated, the former position 
being usually preferred. . 

I^drauUokllig.—Where the conditions permit, the sand may 
be removed by the use of a powerful jet of water, as in removing 
overburden (p. 278). 

The water, under a head of 100-600 ft. or more, is supplied 
through a pipe with a nozzle (Fig. 33) 2-10 in. diameter, according 
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to the amount m water required, Tlie amount of water delivered 
per minute may be calculated from the following formula, due 
to J. J. Gerrard: 

Water delivered in en. l£. |X'r min. - .‘J-TiV^'l’, 

whore d is the diamett'r of the nozzle in inches and /’ is the ])res8ure 
in lbs. |)er sq in. INs also^thc effective head in feet x04:i20. 



/•'. /„. SmiiUh Co., IM., l/mtUm. 
Fi(i. 32.—LafMtT rxcavator. 
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Table LXI. shows the amount of material rei&oved in twenty- 
four hours by hydrauIicJcing, using nozzles of varying sizes. 

Tablk LXI.— Matbbiai. kkmoykd bv Hydbaulickino (per day) 


Kffectlvc Head In 

size of^ozzle. 
litcueH. 

Flow In cu. ft. 
per Hin. 

Approximate Output 
in 24 Hours in yds. 

100 

• 

1 * 

104-88 

160 

200 

2 

148-32 

230 

300 


181«1 

280 

400 


209-82 

320 

100 


420-00 

660 

200 

4 

504-00 

930 

:ioo 


727-60 

1130 

400 


840-12* 

1300 

100 


• 044-58 

1460 

200 

<> 

i:i:i5-72 

■ 2000 

300 


i«:u-08 

2340 

400 

« 

1880-ltt 

2920 

100 


1079-82 

2600 

200 

8 

2375-40 

3600 

300 


2«0»-r>8 

4500 

400 


3230 70 

.7300 

100 

• 

2024 

4080 

200 

10 

■3711 

,7760 

;{oo 


4.74-. 

7030 

400 

4 

' 5248 

8140 


Hydraulicking is employed in some sand-pits in America; it 
is also largely used for placer-mining in connection with metalliferous 
sands. Thus, gold-bearing sand deposits are frequently worked 
by hydraulicking, the material being w'ashed on to a grating or 
grizzly which separates the larger stones; the sand then teing 
conducted through channels to the separating tables, where any 
gold present is recovered. Tin-bearing gravels, diamond gravels, 
and other plac(<r deporits are also worked by hydraulicking in the 
same manner. 

Dredging.—In some cases the sand-bed lies below water-level 
and it is nedessary to dredge in order to recover the sand. The 
best conditions for dredging are (a) soft even bedrock, (6) absence 
of boulders, (c) absence of any great amount of clay, (d) a depth 
of water at Ibast 50 miner's inches,^ (e) absence of floods. 

The most suitable method for dredging such a material depends 
largely on its situation, one of the following being usually adopted : 
fi.) the bulk of the apparatus may be on dry land and the dredging 

* A uiner’s inch is the quantity of water passing through a horizontal slit 
1 in. wide and 24 in. long with water in a reservoir standing 6 in. above the 
hole. It is equivalent to.2274 cu. ft. per 24 hours. 
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effected by extending a dredger-bucket or scoop and drawing it 
back again to land: and (ii.) the apparatus may bt* mounted on a 
boat of some kind ; when the hold is full, tite boat is brought to 
the shore and emptied. 

Where the conditions jjermit and the water is not too deep, 
sand may be dredged from the bottom of V lake by means of a drag¬ 
line excavator of the Ijauernyin or similar ty|M‘ (j). 282), the supports 
being erected on the opposite shores of *1110 lake and the material 
drawn up and dumjKd into bins on the works. Where this is not 
possible a flat-lKittomod dredge boat is employed ; this is fitted 



.1. fiw/njt a SoHH, IJtl.. tVijlnrftainiitfm. 

Fit). .'t4 —Plunger pump. 

with a bucket-dredger or other means for drawing up the sand 
from the bottom of the lake. 

Bucket-dredgers mounted on floats or rafts are employed for 
recovering sand from below water-Ittvel to a depth not exceeding 
about 40 ft. The buckets vary in number and size, jome of the 
largest having a capacity of 16 cu. ft. The cost of working such 
a bucket-dredger varies with the conditions, but is generally 
between Id. and 8Jd. jier cu. yd. 

Table LXII. stows the capacity of bucket-dredges of various 
sizes. * 

Another very useful and convenient appliance is a sand-pump 
of the plunger (Kg. 34) or the centrifugal (Fig. 36) type. The 
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TaUI.E I.XIl. -Oi.TI'UT or BLCKET-DHKDOEa 


Size of lUu kfU, 
m. ft. 

Horse* iMiwcr. 

Maxhilum Didtflng 
Depth Iwlow Water 
' L.iuf, In ft. 

Output in eu. ytU. 

)M>r Month. 

.3 

ISO ' 

St) 

48,000- 60,000 

5 

22(1 

30 

00,000-110,000 

7 

300 ^ 


110,000-150,000 


r>(>o* 

48 

lOO.OOO-ISS.OOO 

i;t 

■tir. 

40 

230,000-280.000 


• ThU liiirlutlta 100 h.j). for puiii|i for two nioiiitorB, 


suction pijKJ has attached to it a cutting or scarifying edge, which 
breaks up the material and enables it to be more easily drawn in 
by the pump. The material is conveyed frAm the pumj) to the 
shore in a sfigmental pipe line whic|j is usually hung from pontoons, 
placed at intervals between the boat and the sbont. The drttdging 
boat may lai controlled by ro|)es on shore. At the shore end of 
th(! pipe line the mixture of sand and water is discharged on to 
a large pile, the water running olf and leaving the sand fairly dry. 



Co., IJil.. LutuUm. 

Fi( 3. 35.—Centrifugal pump. 

The sand can then be lifted by means of a grab or other loading 
device into trucks or bins. In America, the sides of one small lake 
which consist of sand and gravel are dislodged by a powerful stream 
of water in the same manner as for hydraulicking overburden, 
and the material washed down is sucked up by means of a powerful 
centrifugal |nimp. 

Some of the Belgian silica sand is obtained by dredging, as are 
many of the sands in the United States. 


QUARRYING SAND-ROCKS 

The various methods used for removing the stone and delivering 
it either to the works or to trucks, etc., may be classified under 
two main heads; Quarrying and Mining. In the former the 
overburden is removed by one of the meth^ previously described, 




BMSTINf! SAND-ROCKS 295 

, • • 

and the material Is thuH made accessible in an o{)en working; whilst 
in mining the overburden remains in situ and the material is cut 
from beneath it, the only portions of the overburden to l)e removed 
being that which is necessary to secure a good “ roof " to the 
mining galleries. 

In most ca.ses, .sand-rocks are only mined when they occur in 
conjunction with .some other. |)ossibly moiv profitable, material. 
Thus, ganister is minhd, as h occurs in c*mjunction with coal steams 
which are worked at the same time, and the two kinds of material 
are removed by .means of the same shaft. It seldom |)ays to o|K!n 
mines sjieeially for the extraction of sand-rocks, as the cost of 
making the shaft is usually prohibitive. 

In order to remove the sandstone from an o])en (piarry, the 
first step, after the removal of the overlmrden, consists in loosening 
the sand-forming mat ‘rial, .so that it may Ik- removed to the wagons, 
etc., u.sed to convey it to its destination. 

Lioosentng the Material.- The [Kirtions of the rock rc(|uircd 
for use imist b(! loosened and separated from the main mass l)efore 
they can Ih^ subjected to further trcjitment. For this purpose, 
picks, wedges, crowbars, and hammers may b<‘ used in some 
localities, but unless the rock is very " shattered,” or only small 
quantities are re<iuirud, it is ladter to loosen it by means of 
expltrsives. 

Blasting. Boreholes ar(' drilled in the rock at suitable distances 
from its face and from ea<;h other and a charge' of exjilosive is 
placed in each hole. On exploding the charge, the surrounding 
mass of rock is shattered ami loo.sened, .so that the greater part 
of it can lit! placed in wagons or on wheelbarnhvs and taken away. 
The largest blocks may Is; broken with a hammer or with a small 
charge of explosive. 

It is important that the material shmdd be removed in a wiscsly 
systematic manner so as to keej) tin; ((uarry and working face 
in a state convenient for working, otherwise the future development 
of the quarry may be seriously iiam|s;red or even stopjaal. 

Although many ndcs have Isa'ti jjroposed in order to increase 
the effieien(;y of the; blasting ojierations, it is still a fact that better 
results will be obtained by an ex|KTieneed, intelligent quarryman 
working without any conscious adhcn'nce to rules than those 
which follow from the efforts of some le.ss cxts;rieneed men who 
appear to follow rules closely. In deciding the best position for 
the charges of explo.sive, as well as the amount of each charge, 
judgment is more important than an^' rules, though the latter are 
valuable as rough guides to general practiw and oujjht not to be 
disregarded without ntason. The wise quarryman in charge of 
blasting operations will, in fact, regard rules as the summary of 
other men’s experience, rather than as inflexible commands. In 
short, the precise method of working should depend on local^condi- 
tions, and as these diflfer in each quarry only a general idea can be 
given here. 
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' The position of the boreholes should' be selected in accordance 
with the natural joints or divisional planes of the stone, as in most 
cases these will determine the limit "of the effect of the explosive 
by providing a vent through which the explosive force will escape. 
For this reason, it is obviously wise to drill across the horizontal 
or inclined joints or planes of fracture and not along them. As 
the greatest effect will be obtained if the explosive meets with an 
equal resistance in every (Jirection, this positton should be chosen 
where such an effect is desired. Hence, the depth of the borehole 
should usually be equal to its horizontal distancq from the face, 
though much will depend on the structure of the stone, the number, 
size, and position of the joints in the interior of the rock, and the 
tendency of the stone to break along particular lines of weakness. 
When very large quantities of rock are to be shattered at once by 
means of a single, heavy charge, it is particularly necessary to 
find a part of the rock of great uniformity, as if this is not done 
there will be a serious waste of eiplosives owing to much of its 
force being dissipated along joints, fissures, and cleavage planes. 

It is often advantageous,to prepare a number of boreholes and 
to explode them all at the same time, as the effect is thereby 
increased if the holes are not too far apart. It is often difficult 
to decide whether a single largo charge—constituting a “ chamber 
charge ” or “ mine ”—is preferable to a series of boreholes fired 
simultaneously. 

The size of the boreholes depends on the explosives used; with 
gunpowder, holes 1 in. or 1J in. diameter are usual, but for dynamite 
smaller holes may be used. Very narrow holes arc not advisable, 
however, as they arfe difficult to charge proj)erly. Boreholes more 
than 3 ft. deep are usually 2 in. or more in diameter for the upper 
part and 1 in. diameter for the last 3 ft. The holes should be truly 
circular and cleanly bored. Before use their exact size and depth 
should be Uisted by inserting a suitable testing-rod. 

The de[)th of the borehole should not extend to a horizontal 
joint or plane of fracture. Where there are two free faces to the 
rook to be blasted, a horizontal line from the borehole to the nearest 
face should be about two-thirds of the depth of the borehole ; 
in some (imusual) circumstances very deep boreholes relatively 
near the face would be justifiable. 

The toughness of the rock is also an important factor, as a tough 
rock with few seams or bed planes tends to break into large cubical 
pieces requiring excessive secondary blasting. The best method 
of dealing with such rock can usually be determined only by< 
experience, though much may be done by varying the diameter 
and spacing of ^e drill holes, or the amount and nature of the 
explosive. 

An examination of any quarry where an excessive amount of 
secondary blasting of the large loosened blocks is required will 
show that it is largsly dependent on the skill employed in the 
primary blasting. For instance, an improper arrangement of the 
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drill holes, impeftect balancing of charges, or the use of too powerful 
or too weak an explosive may result in a very inefficient blast and, 
as a consequence, the loading fiiay Iw greatly hainpert'd, jwrtieularlj 
where many large, charges are firad simultaneously in deep churn' 
drill holes, the mass of rock thrown down occupying the tillcrt 
for,several weeks or even months. If the rock" is imperfectlj 
shattered or improperly tlu’own down, excessive secondary blasting 
may be required anH the Mlling of the,wagons may Ixt both slovi 
and difficult. On this account it is a false economy, both of monej 
and labour, to place inexperienced men in charge of the blasting. 

Drilling the boreholes is a matter requiring considerable skill 
and care, as a faulty hole may cause a serious accident. The 
boreholes may be made in several different ways : (i.) by hand 
(ii.) by augeirs or screw drills turned by hand power, with or withoul 
a mechanical feeding appliance, (iii.) by rotary ])ower-drillB, (iv.) bj 
percussion power-drills, and (v.) wcil-drills. The height of the 
face, the elepth and eliamete'r of the holes, th<^ hardnt^ss of the rewk 
cleiavage anel wetness of strata, the necessity or advantage o1 
speed, and other esmelitions, vary so pinch that tlwre is no single 
system of drilling which can be used exclu.sively to the best advantage 
in all cases. 

When the amount of elrilling is sufficiently large, the cheapest 
method is by means of a pneumatic hammer, a wave-transmission 
device, or other power-driven a|)piiancc; but where jxiwer is not 
available the much slower hanil-drills aie used. The old hand- 
drill or jumjK-T will always be of service where it is difficult to 
supply air or steam, especially for small holes and to depths not 
exceeding 15 ft. The tools required for this wftrk are a 6-lb. sledge¬ 
hammer and three drills or spuils, varying in length from 3 to 4 ft. 
for the shortest, up to 10-12 ft. for the longest. It is necessary 
to have these lengths to suit the convenience of the men as the 
hole deej)ens. The drills are of tool su'd ;-IJ in. in diameter; 
the lower end is sometimes drawn out to a fan-shafX'd bit or cutting 
point. A bucket of water, a dipwr, a brush or “ swab,” and a 
scraper for cleaning the drill are also needed. The drillers usually 
provide their own swalis by cutting a young sapling (preferably 
of hickory) an inch or so in diameter ami about 10 ft. long ; prior 
* to using it one end of this stick is Ix-aten with the sledge-hammer 
so as to fray it for a length of 6-8 in. and to convert it into a rough 
brush. * 

In drilling a vertical hole by hand, one man uses' the sledge- 
*■ hammer, another holds the shorU'st drill at the point selected 
for boring. The man with the sledge-hammer (call^ the striker) 
strikes the drill with quick sharp blows, and the driller raises the 
drill a short distance between each blow of the sledge and, during 
the same interwl, twists the drill through an angle of 30-40 degrees. 
Each twelve blows, therefore, cut the bottom of the hole over 
its entire area, creating numerous small chips of loosened rock. 
This procedure is continued until several inches of rock have been 
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drilled. A little water is now poured down the hole and the bnish 
end of the swab inserhjd, and after moving it up and down several 
times, it is withdrawn laden with the hewly made mud. The swab 
is then given a sharp blow or rap over a bloc^k of wood or a stone, 
thus freeing it from the accumulations. A litth; more water is 
then added and the work jwoceeds until a hole of the desired depth 
is reached, usually not exceeding 10 or 12 ft. The hole is (hen 
dried and cleaned out as carefully as jlassible'by pouring down a 
handful of dry dust and withdrawing it in a spoon or scraper, 
this “ dusting ” being repeated as often as nec»<sary. In wet 
rocks, or those jwrmeated by water-bearing seams, this “ drying- 
out ” is very difficult; it may be avoided by using a cartridge 
of oiled or soaped paper, which will slip down the hole quickly 
and permit a shot to be fired before the water soaks through the 
paper, •• 

Drilling by hand, using a l|.-in. drill in fairly hard stone, costs 
17d.-23d. jx;r foot. Three men will not usually drill more than 
15 ft. jxsr day with a l.}-in. drill. 

An auger or screw drill (ib'ig. 36) is litiuhid to rocks of about 
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the hardness of coat and is not really applicable to hard rocks. 
The simplest form of this drill is fitted with a double brace or 
handle devised for rotating the auger, the man using both his 
hands to maintain the motion, and his chest to supply the pressure 
of the drill agaimst the rook. This simple form is only applicable 
to very soft materials ; for harder rocks, a frame is fixed between 
the floor of the quarry or mine and some point above, in the face 
of the rocks or in the roof of the mine, and is braced in position 
by screws and guys. The auger is mounted on the end of a long 
screw or threaded steel bar, which is passed through a nut or female 
screw fastened in the frame. By turning the screw, it feeds itself 
• forward at the rate of about J in. per revolution. The turning 
is effected by a crank or handle on the end of the screw or by the 
intervention of gears with two or three different rates of motion, 
if the rock to bo drilled is fairly hard ; the power is supplied by 
the driller hitfiself. A man will drill a 3-ft. hole 1J-2 in. diameter in 
ordinary rock in twenty to thirty minutes, and often much quicker. 

Auger or screw drills are of good service in mines where the 
roof or floor offers facilities for fixing them in position. They will 
bore hples at almost any angle, but most easily when horizontal. 
They are used, but not so handily, along the floor of a bank in an 
inclined position, and for making horizontal holes or holes inclined 
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downwards. Tllcv an- seldom satisfactory for boring vertical holes 
in open workings. 

Rotary imwer-drUU and percussion jiower - drills are only ns(sl 
in the larger works, though a rotating drill driven hy compres.sed 
air will bore small holes fa.ster than any oth(‘r drill. Part of the 
exhaust from these littl(> machines can he turned down through 
the hollow drill to blow the cuttings froiii the holes. Ordinarily, 
IJ-in. holes, not more than*(i ft. in depth, are the largest which can 
he made by the smaller-sized hamnuT-rotating drills. For th(> 
he.st results these drills mpiire about ">() cn. ft. of free air ])er 
minute, under a pre.ssur(! of SO- 
100 lb. ]ier square inch. Rotating 
hammer drills are esix-cially valu¬ 
able where there are so many large 
pieces to he broken.* 

Percussion drills include those, 
oix’ratcd by eountei'ixti.si' wcif^ifs. 
electricity, or other simple source 
of |x>wer, imeumatie hammeis and 
drills operated hy com|)rcssed ail’, 
and the drills operated by com¬ 
pressed liipiids (wave - transmis¬ 
sion). 

Steam (Fig. 37) or air tripod 
drills arc suitable for vertical, 
horizontal, or inclined bori'holes 
up to 4 in. diameter. r<epths 
greater than 20 ft. can be ri’aehed, 
but the long rcxls required for 
deeper holes are difficult to handl(^ 

Under good conditions one of these 
drills will bore a vertical hole 00- 
fK) ft. deep), or a horizontal hole 
20-50 ft. in length px'r day. For 
drilling fairly hard rocks, a chisel 
or drill with a fairly acuh' angle should lx‘ used, but if the stone is 
soft, a drill of wide angle shouhl lx* used, as an a<’ut<‘ drill will lie 
jammed in soft rock becau.se the drill |M*nctrates faster than the 
loose material can be cleared away. ^ 

For rough ground which will not |X'rmit the use of a well drill 
or ledge-blasting a tripxxl drill may l)e found very satisfactory. 
Tripod drills require two men each, a runner and a heljx’r, though 
in some circumstances one helper is deenu’d sufficient ITor two drills. 

Pneumatic hammer drills (Fig. .38) are very u.seful pK)rtable 
machines. They consist of a cylindi r fitted with a p)lunger having 
a stroke of about 1 in. Attached to the j)lunger is a slide valve, 
BO arranged that w'hen the plunger is at one end of the cylinder 
compressed air enters behind it and drives it forward to the other 
end, at the same time closing one valve and opxsning another which 
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reverses the motion. At each forward motion the plunger strikes 
the drill head and drives it into the rock. Such drills are capable 
of 800-1000 blows per minute and Will drill very rapidly. Many 
different patterns have been patented, but they all work on the 
same general principle. They can be operated by one man and 
so require less labour than tripod drills. « 

The power used in working percussion drills is usually steam 
or comprtissed air, but wwter (wave-“transmission) offers great 
possibilities. 

Air compressors (Fig. 39) are of three chief types : (o) the 
horizontal slow-sijced, (6) the vertical quick-revolution, and (c) the 
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turbo-compressor. The durability of type (o) and the ease with 
which it can be repaired and adjusted makes it popular, but it 
requires large foundations and buildings. The vertical quick- 
revolution type has the advantage over the horizontal type as 
regards the space occupied, but the general inaccessibility of its 
parts and the heavy cost of upkeep are against its wide adoption. 
The turbo-compressor is chiefly used for very large plants. The 
efficiency of “the turbo-compressors has been greatly improved, 
but even yet it is questionable whether they are as efficient as 
reciprocating compressors. Moreover, in actual practice, com¬ 
pressors are often run much below their full load, and the efficiency 
of the i;pciproeator under these conditions is much higher than that 
of the turbo-compressor. 

Full details of the construction of each type of compressor 
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need not be gi\^en here, as they can be readily obtained from the 
manufacturers. In selecting a compressor the following factors 
should be considered : * 

(i.) The primary jiower used, for driving it must l)e reliable 
and efficient. 

Jfi.) The suction stroke of the <!bmpressor should, throughout 
its Ifen^h, fill with air at atmospheric pressun'. 

(iii.) On the confpressidn stroke there should l)e no loss of air 
as a result of the inlet valves closing too late, nor should there 
be any leakage back ; the whole contents of the cylinder, less 
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the minimum clearance, should b(^ discharged through the outlet 
valves. 

(iv.) The outlet or discharge should have an ojiening of ample 
area; it should open automatically on the r(?()uisite j)rc88ure in 
the receiver being reached in the compression-cylinder, and the air 
should be discharged at a pressure as little above that in the receiver 
as possible, as an excess of pressure causes a rise in tem|)crature 
with an increase in the volume, requiring a (iorresiamding increase 
in the work necessary to compress and discharge the air, 

(v.) The diseWge valves should have sufficient width of seating 
to ensure their keeping quite tight, so that no loss mtfy take place 
by a leakage back into the cylinder. 

(vi.) The valves should be self-adjusting at all sf)eeds and 
pressures. 

(vii.) All valves and the piston should be easily accessible for 
examination and renewal. 

(viii.) The compressor should have full volumetric efficiency. 
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(ix.) Wear and tear should be reduced to a minimum. 

(x.) An efficient unloader must bo fitted. 

(xi.) A good fly-wheel and an effidient governor are essential. 

(xii.) In two-.stage comj)rcsiMon the efficiency depends upon 
the inbsreooler, which should keep the high stage intake air at the 
same temfSTaturc as the#lower stage intake air, and air-cooled 
to within 20“ F. of the temperature of the entiu'ing cold water. 
The su|)ply of water for tiie inten^oolcr should be gallons per 
minute [xt 100 cu. ft. of free air; more water is an advantage if 
it is available. 

(xiii.) The receiver should be placed within 40 ft. or 50 ft. 
of the compressors, its use being (1) to eliminate pulsation effect, 
(2) to minimise the frictional loss attending the flow of the air 

in the lines, (3) to serve 
as a reservoir, and (4) to 
cool the air and cause it to 
deposit its moisture. 

(xiv.) The receiver must 
1)0 of ample size (one or more 
auxiliary receivers near to 
the face oft(‘n effect a sav¬ 
ing). By adopting a receiver 
of large capacity the com¬ 
pressors can run at a con- 
jtiuuous speed—the pressure 
Ixung retained for a longer 
|HTiod with greater power, 
and the jx'riods of mini¬ 
mum demand are utilised 
by the compressors in fill¬ 
ing up the receiver and 
increasing the efficiency of 
the plant. 

Compri'SKed liquids arc chiefly u.sed for the wave-transmission 
method invented by C. t.’onstantineseo, and u.sed in the machines 
supplied by W. H. Dorman & Co., Ltd., of Stafford (Fig. 40). 
Wave-transmission may be briefly described as a mode of conveying 
power by a series of impulses, ’imparted to a column or pipe line 
of fluid, usually water, by a very simple generator coupled to a 
steam engine' or other prime mover. These impulses or waves 
travel at the same s{)eed as sound and they can follow each other 
at any desired interval. The great advantage of wave-transmission 
^ compared'with compressed air is its economy of power, which 
in the end, of course, moans a saving of cost. In working a rock 
drill, for example, wave-transmission delivers eight times as much 
power at the rock face as compressed air, with the same input 
of power. The difference represents, roughly siieaking, a saving 
of 70 per cent in power. 

There appears to be an enormous future for wave-transmission, 
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which will couih as one of the big engineering advancements of 
the early twentieth century. 

Explosives.—The explosion's used in bln.sting sandstone, etc., 
are of various kinds, and consi(b>rable care and skill are needed 
in their selection, for very soft stones and niercly for loosening 
large blocks, gunpowder or other rclatii'cly slow ex])losive applied 
in fairly large (piantities is the best; but for hard stone which is 
to bt' reduced to snAill mafterial an ex|J(>sive containing dynamite, 
or one of the modern safety explosivi's. is moro soiitable. On the 
whole, dyna.ui*e and other higli explosives are jneferable where 
a heavy shattering effect is re(piired. 

The practice of drilling a hole, enlarging the base by first 
exploding in it a charge of gunpowder, and then filling the enlarged 
hole with a more powerful explosive, is economical, as it reduces 
the numlKW of hoi.. : reejuired. but it is accompanied by serious 
risks, esjS'cially if ttie first charge has not Iwen completely expliKled. 

The amoiint of explosive iVcpiired de|)ends on (1) the kind of 
explosive used, (2) the depth of the borehole, {.‘I) the line of 
least resistance. It is roughly invense^v pro|M)rtional to the number 
of free faces of the rock to In- blnste<l. Thus, a rock with two 
free faces will re(|uire only half the explosive nei'dcd for a rock 
with only om^ free face ; a rock with six fr(S! faerw will reipiire 
only one-sixth as much ex|)lo.sive. and so on ; another useful 
rule in calculating th<' amount of explosive re(|uircd is to divide 
the eul)C of tlic depth of the borehole* by 2") ; the quotient is equal 
to the number of pouniN ot gunpowder to Ik- used in each charge. 
Thus, if tlu^ borehole is 3 ft.deep, the euls' is 27, and this diviiled 
by 25 gives lOS, so that rather more than* I lb. of gunpowder 
should be used. For very large blasts, the maximum amount 
of gun|K>wder to be used is about I lb. for each 3 tons of rock, but 
for some rocks as little as 2 oz. per ton of rock may suffice. In 
many instances there is a serious waste of explosives, due partl.y 
to uising too much in each charge and partly to wrong distribution 
of the boreholes. Th(^ object in quarrying is to ru])ture and loosen 
the rock, not to hurl it a great <listancc ; hence, (jiily enough should 
bo used to accomplish what is required. Where much of the rock 
is thrown a great distance, it is evident that too large a charge 
was u.sed. With very hard na'ks It is difficult to avoid this kind 
of waste. 

Charging the boreholes rccpiires great care. When gunpowder 
is used, the hole shoidd first Is) tested as to diameter and depth ; 
it should then be wiped clean and dry with a cloth on the end of 
a rod. A little of the gunpowder is placed at the Iwttom of the hole 
by means of a zinc funnel, a piece of fuse ’ with a blasting-cap 
is inserted, the remainder of the charge is then poured into the hole, 
and a jraper wad pre.ssed on top of the charge by means of a wooden 

• Electrical iletonation is safer than the use of a fuse. Some* miarry 
managers employ both a detonator and a fuse, in the hoj)e that, if the former 
f^ls, the latter will explotie the charge. 
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rod. The hole is then filled gradually'with air-dtied clay, or fine 
dried sand, which is inserted in small quantities at a time and 
rammed tight after each insertion. « Tho length of the fuse used 
must be sufficient for it to project a suitable distance from the hole 
to |»rmit safe ignition and escape before the explosion occurs, 
band appears to be laefevable to clay as a packing material, as 
it requires less time to fill the borehole, avoids many accidents 
consequent on misfiring, apd does notTequirt- so much tamping • 
m fact there is usually no need to tamp much if fine dry sand 
IS used. Skilled tamping greatly increases the efficiency of the 
explosive. •' 

Various other methods of charging are used when gunpowder 
18 employed, but they are by no means free from danger. 

When a high explosive or safety explosive is used, it is supplied 
in the form of a cartridge which is placed at thu bottom of the bore¬ 
hole ; a detonator is then attached and the hole filled with clay 
OP sand as before. Dynamite charges are placed in the same manner 
M powder, the first stick being pressed into the bottom of the 
hole, then a primer or blastiijg-cap, with the fuse attached, is placed 
as near the centre as possible. The remainder of the charge is 
added and finally tamped with clay, sand, or brick-dust. Many 
quarrymen consider that placing the primer on the top or at the 
bottom of the charge gives just as good results as placing it in the 
imddle. When firing electrically, care should bo taken to connect 
the lead wres properly to the fuse, but never to connect the lead 
wires to the battery until everything I's reaily to fire. To prepare 
the primer when firing a safety fuse, .the end of the fuse should 
cut squarely across tind placed in the cap, after first ir.aking sure 
that the fuse is perfectly dry. It is necessary, when pushing the 
fuse into the cap, to be careful that no twisting occurs. The fuse 
should just touch the fulminate or the varnish protecting it Then 
with a pair of pliers or crimpers (and not with the teeth) the cap 
may be fastened on to the fuse. An opiming is made in the dynamite 
rtick with a wooden plug and the fuse is placed in this oixming. 
the cap should touch the dynamite on all sides, since any space 
wound it causes a cushion of air and lessens the effect of the 
detonation. The fuse is then firmly tied in place. The primer 
ma,y be waterproofed by means of soap, tallow, or wax The 
string holding the fuse in place should be of sufficient length to 
enable the pr,raer to be lowered gently to the bottom of the hole, 
the char^ should never be lowered by means of the fuse. 

Cartridges containing dynamite should be quite pliable. If 
hard, they may have been frozen and will require to be thawed 
tefore use. This should be done by placing them for several 
hours m water at a tem^rature not exceeding 125° F.; boiling 
water should not be used, nor should the dynamite be placed new 
a fire. 

The storage of explosives must be in accordance with the 
Explosives Act of 1876, and subsequent orders issued under that 
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Act. Particular^ can be obtained from the Chief Inapector of 
Explosives, Home Office, London, S.W. 

The fuses used are of two kinds—those ignited by a flame and 
those ignited electrically. Flame ignition is much more risky and 
uncertain than the use of eleetrieity, so that the latUr should be 
employed whenever jjossible. , 

Ignition fuses are of different kinds. One of the test- invented 
by Wm. Bickford in d831-*consist.s of g tiite of jute filied with 
gunpowder and provided with an outer casing of rubls'r where 
necessary. The so-called “ instantaneous fu.ses " consist of a series 
of wicks of compressed powder, the ends of which arc fitted into 
a metal tube and connected to the slow fuse. These fuses are 
specially used for firing a numter of shots simultaneously. 

Electrical fuses are of two kinds, with high and low tension 
respectively. In tnv high-tension fu.se tlu; detonating mixture 
is ignited by a series of eleotric sparks wliich pass between two 
copper wires in the fus»>, whilfft the, low-tension fuses contain a 
thin platinum wire* which glows on the j)asaago of the oirrent 
and so ignites the jiriming. For san(|f<tonc and allied materials, 
a low-tension fuse is generally l)est and is much more certain in 
action ; moreover, it can easily 1 k‘ tested, which is not the case 
with a high-tension fuse. 

The following are the chief reasons for preferring electrical 
exploders : (1) with an electrical exploder one hundred and fifty 
charges, or any smaller numher, can lx'fired simultaneously; (2) an 
electrical (^X|)l(Hier allows tlie boreholes to be tamja’d tetter and 
gives the fullest confinement to the gases ; (3) there is a greater 
development of the explosive force? and con^quently a greater 
effect; (4) an electrical exi)lodcr fu-oduccs less smoke and fumes 
and permits the workmen to return more quickly tf) the working 
face ; (5) tetter results are obtained with a smaller quantity of 
explosive, so that an electrical exploder costs less to use ; (11) with 
a rheostat and galvanometer, tlu? electrical connections can be 
tested to assure their being in order, and t(» avoid misfires ; (7) the 
shot firer stands at a safe <listancc and does not operate the (ixploder 
until every one is out of the danger zone : he has com|)Iete control 
of the entire btesting ; (8) there is no need for matches, torches, 
or open flames for detonating exj)losivcs, where an electrical 
exploder is used. 

A blmtirvg-CAip or detonator, containing mercury fulminate or 
other suitable material, must te fastened to the end of the fuse 
which enters the borehole. The purjiow? of this cap is to transmit 
the spark from the fuse to the explosive in such a way as to start 
the explosion. When an electrical detonator is used no fuse is 
needed, the detonator acting directly on the tap. The cap should 
be carefully crimped on to the end of the fuse, so as to ensure the 
requisite contact. Blasting-caps are dangerous and should be 
stored in a dry place where they can do no harm ; they are spoiled 
by dampness. 
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Detonators should comply with the folloidng conditions; 
(1) they should contain a sufficient charge equivalent to. at least 
1-5 grams, and preferably l-Vo grfems, of pure fulminate (nitro- 
derivatives being taken as equal to double their own weight of 
fulminate); (2) the fulminate charge should bo disposed in such 
a way as to detonate withtthe highest possible velocity : this should 
be about 11,000 ft. per second for fulminate and 15,000 ft. per 
second for mixed detonators ; (3) tile length of the charge of 
fulminate should not be too great in proportion to its diameter, 
otherwise defective propagation may ensue. . " 

There are four methods by which the power of a detonator 
may be tested : (a) the lead-blotrk test, (6) impact te.st on sheet 
lead, (c) rate of detonation, and (d) practical tests on limit- 
density and humidity. Of these tests the second alone seems 
capable of being performed without the special facilities pro\nded 
in a laboratory, but it has the disadvantage of not showing whether 
the detonation has been complete’; method (d) appears the most 
reliable, though only comparative. 

Since all cartridges are, of apjtroxiinately the same diameter, 
the detonator which will most easily jn'oduee complete detonation 
is the most powerful. 

The exploder (sometimes called a detonator, though this term 
is usually applied to the primer) is a device for producing an electric 
current w'hieh, in turn, may produce a spark or heat a wire to 
redness according to the kind of fuse us('d. Of the various devices 
available for producing an electric current, a primary battery is 
uncertain, a magneto-machine requires pcuiodical attention to 
keep the magneto "in order, an accumulator is good, hut requires 
frequent charging, and a dynamo machine is quite permanent 
and satisfactory in every way. 

The (capacity of an exphnler is dfffined by the maximum number 
of detonators it can fire simultaneously, without any mi.sses, at 
the end of a line having a given resistance. This capacity depends 
es.sentially on the nature of the detonator used and may vary 
within wide limits. It also depends on the velocity imparted to 
the mechanism by the shot-firer, but this cause of variation can be 
abolished by employing a spring that cannot be released until 
fully wound up. 

The capacities stamped on the exploders are only approximate, 
and their rtJbl value should be tested from time to time by con¬ 
necting up a certain number of detonators in series at the 
end of a line of known resistance, and finding how many can 
be fired af the same time without any failure. If the exploder 
is of the variable velocity type, the operating member should be 
actuated at a moderate speed to allow for the ix'rsonal equa¬ 
tion of the shot-firer. In order to establish a margin of safety, 
the resistance of the test-line should be greater than that of those 
actually used in practice (to allow for defective connections, etc.), 
and the number of the shots fired in a volley should, in prac- 
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tice, be about 25 per cent smaller than those suceessfully tried in 
the test. , 

The cable connecting the exploder to the eharge should contain 
two separate copp<,‘r wires well tafn'd, insulated, and covered with 
])lait<'d cotton. The cable should be kejtt on a roll or drum, 
and*six?cial care should be taken to avoid tlu? formation of kinks. 
The electrical conducting power of the cable should la' tested 
occasionally and any bare places covered* with insulating tajx-. 

Secondary blasting is a term applied to the use of ex|)l(>siveB 
to large blocks which have previously been loosened from their 
Ix-ds but require to be still further reduced ; such blocks are 
either drilk'd and blasted again as deserila-d on p. 297. using a 
smaller eharge, or they are '' mud-eai)ped. " 

Mud-capping er'nsists essentially in laying a high l•xplosive, on 
the block, covering' it with clay and then exploding it. This 
method can only Iw u.sed with.exjdosives having an effect whic'h 
is greater in a downward direction than in others. The eharge 
should Ix' ])laeed on the sjx't which would be struck with a sledge¬ 
hammer if the ro<'k were small enouglf to be brokcm in that way, 
and should Ix' placed in a solid mass by slitting two or more pajxjr 
cartridges and uniting the contents, taking can' not to s])read 
them more than necessary. A blasting ca|) criTiqxxl into the fuse 
should then be ])lnced in the middle of the charge and th(' whole 
covered with (i in. of damp cliiy or sand. prc.ssed lirmly over the 
explosive, care being taken "ot to cover the outer end of the fuse. 
If the block is cracked or .seamy, the charge should Ix' placed in 
a depri'ssion and covered with a quantity of clay pr sand as df'seribed. 
Mud-capf)ing is very wastefid of explosives, as 1 oz. of explosives 
in a I-in. hole 12 in. dix'p has pra('tically the' same effect as 1 lb. 
of unconfined explosive laid under a mud-cap on the rock. On 
th(' other hand, drilling may cost as much as, or even more than, 
the additional cxj)losive used in mud-capping. 

Mining .Sand-rocks 

Mining is only employed for excavating sandstone, ganist(;r, 
etc., when they oci'ur under so gieat a dejith of ovi'rlying strata 
that open quarrying is impracticable. The methods used are 
precisely the same as in other branches of mining, ipid are fully 
described in mining text-books. 

Intermediate betwexm mining by vertical shafts and open quarries 
is the use of a system of adilu, (Irifts, or tunnels, extending in a 
sloping direction, usually of the same inclination as the dip of the 
material. Such an arrangement saves the cost of a vertical shaft 
and yet has all the other advantages of mining. 

Adits are specially used in localities where the thin workable 
beds with a steep dip are worked from the outcrop. Where poiAible, 
the adit should be inclined downwards towards its entrance, as 
this facilitates drainage; it is not always possible to do this, as 
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the adit must, to a coiuiiderable extent, follow the dip of the 
beds. I, 

The most common method of opening a mine or an outcrop 
is by horizontal entry. What i^ termed the “ glory hole ” method 
is employed in some mountainous regions. A tunnel is driven 
horizontally into a seam, and at the inner end of the tunnel a, targe 
chamber is blasted and used for the roqk fron;^^ above to be removed. 
A funnel-shaped shaft is \hcn driven to the surface and the rock 
quarried round the opening in a circle of ever-increasing size, and 
the rock is gradually worked down into the chainber. Accidents 
are common, so that this method, whilst common, and often the 
cheapest, is seldom really satisfactory. 

When working in an adit it is generally necessary to loosen the 
material by means of crowbars and wedges, explosives not usually 
being permissible. The loosened material is'then hauled througn 
the tunnel or adit to the open 'air.,, 

Mining is so much more costly than open quari- 3 dng that the 
latter should always be used when possible. 

The cost of quarrying 'may vary from 3d. per ton for a very 
soft material excavated and loaded with a .steam navvy, to 3s. 6d. 
per ton for a hard rock. The cost of mining, on the contrary, 
is seldom loss than 2a. per ton, and sometimes rises to 18s. per ton 
of material delivered into the pit wagons and drawn to the surface. 

r 

Loading Sand oe Stone 

By whatever nvtthod the sand of stone may have teen worked, 
it must be placed in or on suitable wagons for transportation; 
this process is known as Ailing or loading. The method of filling 
depends largely on the nature of the matorial and the space available. 

In mines where space is limited, hand-loading is usually employed, 
but in quarries where sufficient space is available, it is possible 
to employ more rapid means for loading the tnicks for conveying 
the material from place to place. The principal means which 
may bo employed are grabs (p. 287), steam navvies (p. 283), ladder 
excavators (p. 290), scoops (p. 282), and bucket elevators or 
“ portable loaders ” (p. 309). ‘ 

Bucket Loaders.—Where the material is in sufficiently small 
pieces (e.g. bss than 3 in. diameter) and it is to be loaded into large 
trucks, it is often convenient to use a bucket loader or similar 
device, consisting of an endless belt on a portable framework, 
the belt being provided with buckets (Fig. 41) and driven by an 
electric or petrol motor. If the inclination is not very steep, the 
buckets may be omitted and an endless belt used. 

These loaders are so arranged that they can work at any suitable 
angle, and a spout, which can be moved radially, is fitted to the 
denfery end of the machine. Most of the earlier patterns of loaders 
required to have the materials shovelled into the buckets by hand, 
but the more modern ones are self-feeding. This great improvement 
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is effected in two ways; (i) the* machine is forced into the pile 
of material during the loading jffocess, or (2) a pair of rotary discs 
scoop the material automaticaUy into the buckets. 

A well-designed loader in gc^d working order will deliver 
1 cu. yd. of sand per minute as a fair working average, and will 
travpl at the rate of about (lO ft. p<‘r mmute in moving from one 
pile to another under its own jxiwer. VVhen de.sired, two or more 
of these loaders can ^•■ork ia scries or wjth belt conveyors. Such 
an arrangement is particularly ronvenient where it is necessary to 
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Kio. 41,—VVinget bucket l<»ader. 

convey the sand or stone over a pile of overburden or other material 
which it is not desired to move. 


Transport anp Haulage 

Various methods are used for i^onveying the sand or stone 
from the pit, quarry, or mine to the crushers, screens, etc.; several 
methods are often used simultaneously. 

The use of wheelbarrows' and horses and carts is so familiar 
as to need no description. They are convenient, and for short 

* 

‘ For distances up to 30 yards a man with a wheelbarrow is usually 
oheaper thou a conveyor for medium or irregular outputs. 



310 TRAMWAYS 

9 

distances are often economical, but in many instances could be 
profitably replaced by power-driven appliances. 

All barrows .should be built soHhat they are well balanced, 
the weight being thrown on the yrheel and not on the man’s hands ; 

otherwise they will be 
\v t _ difficult to drive and the 
^ output will be dimininhed 

^ ' Barrows are preferably 

_ lined with sheet steel so 

—-- ^ ' I as to inc^ai e their dura- 

1 bility. The top edges 

^ should be similarly pro- 

tected, as these eome in 
' for considerable wear. Bar- 

.fWi h.’ ' ' rows }vith'steel bodies and 

■. , wooden frames are very 

' light and strong, though 

-. ' moreexpensfveihantho.se 

„ made wholly of wood. 

Ransom Ma/'hmni/ Co., Lid., iaaidon. t • *^1. 

In connection with 

Fio. 42.—RaiiNome tie-cnrl. wheelbarrows, a useful 

device known as the 


Ransome Tip-cart (Rig. 42) may be mentioned. This consists of 
a jicculiarly shaped body holding 6 cu. ft. of material, or tlu'ee 
ordinary wheelbarrowfuls ; it is made of widded .steel ))late, the 
body being mounteil on a pair of steel'wheels 3 ft. (i in. in diameter. 
Owing to its peculiar shajHi and construction, one of these carts 
when full can lie pushed by a boy without undue fatigue. 

The amount which can be hauled by a horse is greatly increased 
if the cart is replaced by one or moni wagons running on rails. 

Tramways (Rig. 43), with either horses or mechanical haulage, 
are very efficient if well designed for the particular works in which 
they are used; but many tramways are quite inefficient on account 
of their being liadly designed, or the rails not being taken sufficiently 
close to the face ; this is a defect in the ])lanning of the works 
rather than of the tramway as a method of trans)K>rt. 

Tramways are, in many rcsjiccts, one of the most .suitable means 
of transport, as they can be used in bad weather and under condi¬ 
tions where other appliances will fail to work. The original cost of 
construction 4s not excessive, and maintenance is small if the road 
is well cared for. If allowed to get into a bad state, tramways may 
cause great losses through the excessive wear and tear on the 
wagons, as well as through waste of power if the wagons arc moved 
by rope-haulage. If the wagons are to be moved by men, it is not 
well for them to hold more than ij cu. yd. of material, and, for most 
purposes, rather less than this is preferable, whilst for pony-traction 
on a fairly level track about twice this capacity will be found 
oonvehient. If tlie wagons are unnecessarily small, time will be 
wasted, but if they are too large, additional men will be required 
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to assist; the Ihttcr arc not fully emi)loycd in productive work 
and thus cause waste of money. 

The rails of a tramway mfy lx- laid either tem|Hirarily or jx-r- 
inanently, according to circumstanscs, or a combination of both tiaii- 
porary and [x-rmanent rails may lx? used. For very short distances 
men may push the wagons, but where the di.stiuiee is more than 
30 yils. the use of either horses or some form of mcclianieal haulage 
is preferable. ' * . 

Mechanical haulage along rails is of three ty|X‘s ; (a) single¬ 
rope haulage, (l>) main and tail haulage, and (c) endleKs-ro|K‘ or 
chain haulage. 

The use of a roix- or chain for mechanical haulage is to a large 
extent a matter of choice ; in some isisi's a I'ombination of the two 
is used—part of the track being eontrolleil by a chain, with rope 



terminals for the lx-tU*r winding off tin? drum. Uoix? is usually 
preferred on account of its (dieapness, but foe steej) inclines a chain 
provides a better gripping jx)wer. Freshly discarded colliery roptis 
are usually satisfactory for haulage in sand-pits, but r(?quire frequent 
inspection if accidents are to be avoided. 

The single-rope haulage consists, as its name suggests, of a 
single rojxi, one end of which is attached to a wagon, whilst the 
other is w'ound round the drum of a crab or winding device, so that 
the wagon is drawn along by the rop<?. In a similar arrangement a 
chain is used, instead of a roix>. Tim roixj or chain, which varies 
from to 1| in. in diameter, may lx? single and wound on and off 
the drum, according as the wagon is Ix-ing drawn up to or being 
lowered awav from the machine. For this arrangement the track 
(which is s ing le) must sloix; sufficiently for the wagons to travel 
down it of their own accord. A single rope of this kind ^ only 
suitable for small outputs or for large wagons. It has the dis¬ 
advantage of making the engine run much more irregularly than 
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when “ endless haulage ” is used. A modidcatidn of the single¬ 
rope haulage consists of a double inclined track along which the 
loaded and empty wagons travel sinSultaneously in opposite direc¬ 
tions. This arrangement is particularly useful in gravity haulage— 
the loaded cars going down the incline draw up the empty cars 
without any power beingeneeded (see p. 314). It is not always 
necessary to have a double track all the way, as if the asceiiding 
and descending cars or trucks always'pass ftt the same point, it 
will suffice if the track is double for a short distance. 

In main and tail haulage, one end of the rope o" diain is wound 
off one drum, whilst the other end is wound on to another drum 
beside it. This is the ordinary form of haulage for collieries and 
other works where the endless system is inconvenient. Either a 
single or a double track may be used. The drums used for ordinary 



purposes are about 3 ft. in diameter, 4 ft. 6 in. long, revolving at 
about 150 revolutions per minute. They may be driven by steam, 

§ a8, oil, or electricity. The cable used is generaily about |-in. 
iameter, the drum carrying 800 ft. of it. The direction of move¬ 
ment is reversed by means of a lever and gearing, the motive power 
working continually. 

The cars or trucks usually carry about IJ cu. yds. of material 
and may be drawn up a gradient of 15 degrees at 350 ft. per min., 
a power of about 10 h.p. being then required for each car. 

This method of haulage is suitable for relatively long distances 
over variable gradients, but under other circumstances it is wasteful 
in power, as there is no counterbalancing of ascending and descend¬ 
ing loads, and the amount of rope required is very great; conse¬ 
quently it is not used lately in open quarries. 

la endless haulage (Fig. 44) the ends of the rope or chain we 

t oined so as to make a continuous band, and the power is supplied 
ly means of a horizontal pulley at one end. The wagons are 
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attached to this endless band at approximately regular intervals, 
so that the load on the engine itunains fairly constant. This and 
the automatic nature ot the hhulage eonstitutc the chief advantages 
of the endless system. A complate double track is desirable, but 
not e^ential; sufficient of it must be double to allow the return 
wagons to pass the loaded ones. It is also wisi' t<i have some form 
of ratchet and clutch on the shaft of the driving pulley, so that in 
event of a temporary stop’|)age of the engine the loaded cars will 
not travel backwards. The ro|)e or <diain is kept tight by a s|KH'iul 
tightening device, for which one of the terminal ))idleys (>an be miulc 
to serve. To secure the necessary grip, the* ro|H' is coilcsl several 
times round the winding drum. The same imrjcose ma^• be served 

V 



./. WhfU’hmtl d* Co., {‘rexloti. 

45.—y sL«}h ‘(1 fork for rojM> haulaKc*. 

by passing it round two grooved pulh^ys, so plami that the roi>e 
warps itself partly round each. Wlicui a cliain is usc-cl. a scries of 
grips are usually cast on the driving wlwel. 

The wagons used for endless-chain haulage should have a Y- 
shaped fork which engages the chain (Fig. 46) and forms the simplc^st 
and easiest method of connection. Where this clevicse is uscsl, and 
the endless chain is made to rise' slightly at the delivery end of the 
track, the wagon is automatically released as soon as it reaches the 
place where it is desired to stop it. This is done by taking the 
wagon to a rather greater height than is reejuired and Icdting it run 
down a small incline at the last, the chain biung raised well out of 
the way. Where a rope is used, a clip (Fig. 4«) must be employed ; 
this may also be released automatically. 

One of the best non-automatic clips on the market at the 
present time consists of a clip which surrounds the rope and which 
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is opened and closed by a quick-acting screw. If the incline is not 
too steep, a simple Y-clip engaging the links of the chain is ample 
and satisfactory. Catches to preveSnt runaway cars from doing 
any damage are almost essential,.though too seldom used. 

The amount of material to be dealt with in an endless haulage 
system may Ikj found by multiplying the number of wagons added 
l)er minute by the average weight of material in each wagoni' It 
is usual for the rope or chain to travel'miles per hour. The 
amount of power required varies from 5 to 40 h.p. according to the 
load, the incline, and the length of the track. ' 

Which of these three systems is best under given conditions will 
depend on the numb(!r of wagons to be attached to the rojje at once, 
and whether a double track is possible. Where two tracks are 
possible the endless type is generally preferred, when the individual 



hongh(Aham Clip Vo., LUL, Ihmcoflfr. 
Fm. 46.—Rojic clip. 


loads arc not excessive. The direct winding rope with main and 
tail haulage is best suited for drawing the wagons over very uneven 
ground, as the engineman is then able, by watching the tightness 
of the hauling rope, to regulate his power to suit the changing levels 
of the track ; an endless rope, being run at one continuous speed, 
is not quite so suitable in such a case. Where the track is in the 
form of a fairly steep incline the use of a counterpoise will often 
effect a saving in the power required. This method is chiefly used 
for vertical lifts only, but it is equally efScient for steep slopes. 

The rope or chain may be over or under the wagons, according 
to the circumstances. Suitable rollers must be provided for the 
rope to run on, and these must be well lubricated, or they will 
rapidly wear out the rope. For turning a curve, vertical rollers 
with a large flange at the bottom, to prevent the rope falling off, 
are uspd. 

Oravity haulage is that in which the movement of the wagons is 
effected by gravity instead of mechanically applied power. Thus, 
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the loaded wagdns running down an incline may lx> made to draw 
up a corresponding numlwr of empty wagons merely by connecting 
both sets to a rope running refund a pulley at flic top of the incline. 

The applications of gravity Iviulagc arc often very ingenious. 
Thus, by using one or more counlcrjioise wagons lilled with waU-r, 
a series of wagons loaeied u itli stone. <'ti*., may be raised to the top 
of an incline. Thi‘ water may tlieii be allowed to run out of the 
wagons at the bottom of the incline, whilst those at the to|) of the 
incline are tilled with water. This arrangement is only jiracticable 
when the tilli.ig of the wagons with water is chcajs'r than the moving 
of the load by (‘ngine power. Occasionally, the water tanks rise 
and fall vertically and transmit their motion in a more horir.ontal 
direction. 

In some eases where the force of gravity is not sullicient, a 
.saving in engine-po. "r may be effected by making ii.sc of countcr- 
poi.se wagons and other devices. a.s^far as these can Is- made avail¬ 
able. Thus, in hauling matcilal up a double, inclined track, the 
empty wagons will act as a partial countcr|)oise to tlu^ loaded oiU'S, 
and will reduce the driving |M)wer acciji’dingly. To obtain tlu^ la-st 
results, the number of these empty trucks should la^ at lca.st equal 
to that of the lilled ones, and if material of any kind, such as rubbish, 
can be carried in the op|)ositc direction to the loiwl, an amount 
ecjual to half the useful load may be so carriisl. with gis'at advantage, 
provided it does not interfere, in aiiv way, with the working of the 
rest of the |)lant. , 

A powerful luake is (^s.sential in gravity haulage, as, if the loaded 
cal’s arc allowed to travel to.i raphlly at first, they may bri'ak the 
ro[ie and cause a serious accidemt. A simple* yet strong, form of 
band brake around the winiling pulley is generally used. The 
provision of some safety device, either in the form of eateh-jioints 
or otherwi.se, to prevent runaway ears from doing damage, is very 
desirable. 

Wherever possible, it is desirable to mak<- much use of gravity, 
as it is usually eheafsT to lift the maU’i ial Us a single high faiint by 
applied power, if, from thence, it (.an lx’ ilistribuU’il by gravity Ui 
the points w'herc it is required, rather than to haul it to these 
various points bv directly aiqilii’d |xjwer. 'I hen* is indfs'd a 
considerable saving to Ixi effected by making mm h more, use of 
gravity than is commonly done. 

Chutes of various kinds are invaluable when’tla^y can Ixi 
arranged. If jirojx’rly designed and constnu^ted, they convey 
materials very rapidly and require' no (xiwer or atUmdance. Much 
use might a<lvantageously be matle of them. • 

Ropes.— The ropes for haulage in quarries and mines arc usually 
of wire and are ^-in.-l j-in. diameUw, but thicker ropes arc used for 
heavy hauls. Table LXIIl., by Messrs. Ifullivant, shows the 
breaking strains of various kinds of wire rope. 
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TABf.E LXIII.—Breaking Strain of RoAcs 
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cnB«. 

Diameter. 

‘‘Cmdble’ 
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J3cat ^ 
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4 

21 

11 
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15 
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18 

63 

21 
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nj 

183 

20 

224 

63 

23 

1 
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73 

3 

' i 
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29 
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9 

33 

1 
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35 

38 
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344 
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13 
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46 
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4 

u 
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53 

58 
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li 
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56 
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67 
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n 


.'>74 

61 

67 


20 

43 

>i 

<>r> • 

69 

76 

83 

22 

5 

IS 

72 

76 

83 

92 

25 


Wire ropos require frequent attention, ns they are subject to 
heavy wear and tear, and unless examined and repaired sufficiently 
often, they may fail ami caiAe a serious accident. Bending the 
rope round too small a sheave, pulley, or dnim, will also cause 
strains which may easily damage it. r. The effects of abrasion and 
cutting action are also serious, but may Iks kept witliin.reasonable 
limits by efficiently lubricating the rope with a hot mixture of tar, 
linseed oil, and tallow. 

Ropes for hauling should never be overloaded, nor should they 
be applied to the load, or the load to them, with a jerk, as this has 
an equally detrimental effect. Similarly, the rope should not be 
allowed to strike any posts, or other fixed objects, which cause 
unnecessary rubbing, as these wear it away and soon reduce its 
strength to below that which is safe. 

Points and Turn-tables.—Special care is needed in the selection 
of points, particularly movable ones. In planning a works, care 
must be taken to avoid inserting too many points, as these affect 
the smoothness of the running. It is also necessary for the wagons 
to run more slowly over the points, in order to prevent them from 
being derailed. Joints are, however, to be preferred to timn-tables, 
and the latter should only be used when really necessary. It will, 
often preferable to take the wagons several yards farther and use 
points, than to have a shorter distance and use a turn-table. When 
turn-tables are Used they should be kept in first-class condition, so 
as to Jium easily, to be' dirt-proof, and need little attention. By 
using a ball-race for the turndable, most of the friction can be 
avoided. It is most important that the dirt should not gain access 
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to the race, but V it should do so, the tables ought to be designed so 
that it may be removed in a minute or so. 

Turn-tables are usually *|.iermanent structures, but for some 
purposes a climbing turn-table is better. A climbing turn-table 
consists of a large iron plate of special sha].Ks which can lx? laid 
over the rails and is provided with sloping sides, so that the wagons 
travelling over the track run on the turn-table, and may then lx? 
turned in any desired direftion and guided to another set of rails. 
Such a turn-table can be placed at any |X)rtion of the track to form 
a temporarjf switch in places where permanent points are un¬ 
desirable. It is most commonly usixl to take wagons in a direction 
at right angles to the main track when forming a heap fer weather¬ 
ing, or filling and emptying trucks. It has several other uses, and 
its application in many w'orks might usefully be cxtemled. 

R^ls.—^Thc trash of a works tramway should lx‘ skilfully 
8elect(?d, and it is essential that i^ should lx> well laid on soundly 
bedded sleepers to which the fails are s(‘curcly fastened, preferably 
by means of bolts, which are cheaper in the long run than the more 
usual nails. The dimensions of the rails must be selected according 
to local requirements. For the lightest jxirtable rails a weight of 
8 lb. per yd. is usually satisfactory, but for ix'rmanent tracks it is 
better to use rails weighing about 22 lb. ]x‘r yd. 

When curves have to be traversed, the “ outer ” rails sbould be 
raised above the level of the inner ones. The amount of elevation 
can be calculated from a suitable formula but it is usually Ix-st to 
raise the rail much more than the calculated amount. At the low 
rates of travel in sandstone workings, the amount of elevation need 
seldom exheed 5 in. • 

It is highly advisable to jdaee th(' mainbaianee of the rails and 
turn-tables in the charge of one .man. who should lx- comixdled to 
keep all the tools, nails, bolts, etc., he requires, in a s|x-cial box, 
which he should take with him to the place where rtjpairs an? needed. 
If this is done, great care Ixnng taken that the fools, etc., are not, 
on any pretext whatever, allowed to lie about and that the disused 
lK)lt8 are carried away to their pro|x-r place, many annoying 
incidents which resrdt from losing t<x)ls, and much of the timt' lost 
in fetching them, will be saved. These may apix-ar small matters, 
but they are none the less important. 

The sleepers should lx; arranged across the track as in a railway, 
and not parallel to the rails, as the latter arrangement, though much 
cheaper, is not nearly so satisfactory. The slcejx'rs may lx? of wood, 
steel, or concrete ; ' it is very difficult to say which is the best 
material when price has to be considered, but'most quarry 
managers prefer them in the order mentioned. 

Wagons, Tubs, or Cars, which run on rails, have a capacity of 
6 cwt.-l| tons when used iiiside the works area, the ordinary 
rtulway trucks being employed for longer distances. Hon^-drawn 
carts should only l» employed where other vehicles are less con¬ 
venient. Motor lorries are being increasingly used for transport by 
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road, for dwtances up to 40 miles ; beyond this fhey are usually 
not so cheap as railway transport, though much depends on local 
circumstances. " 

The tramway wagons or “ tubs ” usually employed for single¬ 
rope haulage have a capacity of about ton of material. A 
particularly convenient form is that known as the “ Jubilee ” 
pattern (Fig. 47), supplied by several firms. These wagons may be 
made to tip sideways or endways. ' ' 



h'. Mtum, Ltd., Card iff. 

Kid. 47.- -.hihilet' wajion. 


The requirements rtf a good wagon, tub. bogey, corve, or what¬ 
ever name the.se articles may be known by in different parts of the 
country, are : (1) strength, (2) lightness, (3) stability, (4) compact¬ 
ness, (5) easy running, and (6) («.sy discharge. Ball-bt'arings are 
increasingly used in the construction of wagons, and it is, in any 
case, desirable to oil or grease the bearings at very frequent intervals. 
Easy discharge is particularly important in the ease of “ tipping 
wagons.” Some of the more recrent designs are particularly con¬ 
venient in this respect, and combine great natural stability with 
remarkable ellse in emptying. At the same time, the body of such 
a wagon must be so fastener! that it will not discharge its contents 
accidentally. 

The wagons should be made of steel-plate with angle irons, 
stout rims, and a strong angle-steel frame. The wheels should be 
specially toughened and provided with ball-bearings for easier 
running. The body should be well balanced so as to tip easily 
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when required,* but shoulel be provided with a ainiple, reliable 
fastener to keep it from tipping unex|Kietedly. Where several ears 
are to be fastened together, sBivelled eouplings are desirable. 

When endless haulage iq) a.stwj) ineline is neeessarv, small 
oblong wooden or steel wagons, eaeh holding about 8 eu. ft., arc 
very satisfactory. These are run into g tipping frame, and so are 
emptied quite as easily as wlien ti|>ping wagons are use<l. whilst the 
cost of plain wagons»nnd wtipping frame is mueh h^ss than that of 
the tipping wagons. Unfort\mately. tii»ping frames can only be 
used where the material has to fall to a lower level than the track, 
whereas side-tipping wagons of the type illustrated (Fig. 47) can 
tip on to the level of the track. 

Small wagons distribute the load more uniformly on an endless 
rope or chain, and they feed the crushers or other machinery mueh 
more regularly thig' a smaller numljer of larger wagons, and so 
effect a saving in power as compared with large wagons. They are 
also easier for the men to handle al the (piarry or in the mine. 

In cases where the material might Ik- stained by rust from steel 
or iron cars, wooden Isslies mounti-d ^tn sh*(*l frames may Ik- us(-d. 
Wooden cars shoidd Ik- built of well-seasoned oak, solidly braced 
and bolted, not nailed. They should Ik- so eon.struct(-d that any 
part can be removed without damaging the ri-maimh-r. Th<- iron 
or steel framework should Ik; stout and tlu- wheels heavy and sound. 
It is a great advantage if the cars are fitted with ball-bearings and 
self-oiling boxes. , 

The bearings used in cars are of gn-at imf)ortancc. as upon them 
the ease or otherwises of th(» traction chiefly dejKsnds. There is a 
considerate diffen-nce of opinion as to whi(4i form of bearing is 
best, but there can Ixs little doubt that ball- or rolh-r-lxsarings, w-hen 
well cased and properly looked pfl(-r, afford the easiest running 
of cars, though they ans more costly in the first pla(-e. Quarry 
managers who have sufficient foresight k. recognise that ea.sy-running 
cars do more work and require less traction, almost invariably use 
cars with ball- or roller-lK-armgs. In (-ach of these forms, the axle 
is sruTounded by a ring of steel balls or rollers, working in an oiite.r 
■ steel ring which forms the lining of the “ box ” of the l)ea.ring. 
There are various tyjK-s of ball-lK-arings on the mark<-t, and the 
builders of cars will'fit such Ix-arings on to any car, if re(pnr<-d to 
do so. The first cost of the car is of less imiwrtancc than is 
commonly supposerl, as chcaimess usually means snerifici- of one or 
other dcmrablc quality, chiefly low power to proiK-,1 the ear and 

rapid transport. , . ,, . 

If the track crosses the public road, it is desirable-Ui have some 
form of brake attach<-d to tlu- wagon, or, in the case of pony-drawn 
tubs, the pony should te fitted into fixed shafts and not in the 
usual loose chain traces. For tracks entirely on the works, a brake 
is not quite so necessary, though still desirable, , . • 4, u 

Where the wagons have to be us(*d on an incline of I in z, ^hey 
are liable to fall over, and camiot be filled without some of the 
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material falling out on the journey. 'I'o overcome this difficulty, 
they may be mounted on another car of such a shape that the 
wagons remain level whilst the frama car passes up and doMm the 
incline. These special frame cars can only be used on a uniform 
gradient. 

To prevent tipping ears from slipping whilst dumping their 
contents, it is often convenient to employ some form of simple 
. • catch. Unless this is 



done, the men engaged 
in tinloa^iag the cars 
maj' be injured, and, in 
any case, time is lost by 
the occasional derailing 
of the cars. Various 
forms of tie and catch 
ari! in use, b\it one of 
the iK-st consists of a 
simj)lc iron bar, the top 
of which is sufficiently 
high to clear the frame 
of the car without giv¬ 
ing much play. Hence, 
when the car is being 
tipped, the frame cannot 
move forward, but is 
held by the top bar 
and all slipping is pre¬ 
vented. So -simple an 
appliance can be made 
from odd bars for a few 
]x<nce. 

Ropeways or Aerial 
Ways (Fig. 48) are a 


Flo. 48 .—Aerial ropeway. 


modification of rope 
haulage, in which the 
ropt!, instead of pulling’ 
Ro^a„.. IM.. wagon along, actually 

carries the wagon, 

Fio. 48 .—Aerial ropeway . which is usually in the 

* form of a box or large 

bucket. As a matter of safety, the bucket should be fastened 
to the rope whilst it is in motion. It may bo released at the 
end of its juumey, or it may remain permanently attached to 
the rope, the iiiaterial being filled into buckets at one end of the 
track and emptied at the other by releasing a pin, which causes the 
bucket to tip over, or allows one side of the bucket to fall out. 
Where .the nature of the ground does not permit the construction of 
an ordinary tramway (as where a deep valley intervenes between 
the source of supply and the destination of the material), an aerisd 
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ropeway has thrf advantage of reasonable cost, small raaintenanee 
charges and high capacity. It also has the advantage that the 
space between the quarry aftu the destination of the material, 
instead of being occupied by a traaiway, may la; usi-d for any tdher 
purpose for which it may bo suitable, rnfortunately, the initial 
w)at of overhead ro|X'ways is so great (it is seldom less than 
£1500) that they can only be used for large outputs, or for 
abnormally long disRinees? and even then, unless at least live 
tons per hour is to bo transmitted, they are not eeouoinieal. A 
simple overhead ro|K-way may sometimes he maile in a cpiitc 
rough and homely fashion ; this is economical for short distances 
and loads of 1 ton jxt hour. Care should Ix' taken to make it of 
atopic strength. 

Overhead rofx^ways are of thri'e tyjX’S : (i.) those in which the 
buckete are fixed to * travelling id|X‘ and are carried by it from one 
end of the jourm\^■ to the other. and,bn( k again ; (ii.) fiio.se in which 
a fixed ro]xi is used to carry the buckets, whii’h are provided with 
pulleys and are hauled along the rojx'; and (iii.) an endless ro|xway 
of either of the foregoing ty(X-s. • 

The second and thinl tyjx’s are most economical wherii the out¬ 
put is sufficiently large, the first tyjx‘ Ix'ing used chiefly for small 
works. 

The difference between a niodeiii, properly eimstnictisl jilant 
and the inferior class of ropeway may be .seen, in the lost jilace, 
in the structural work tor Ihe towers and stations. Ihere is a 
choice of two alternatives, and in climah'S which are not exception¬ 
ally deteriorative to timber tlffcrc is much to be said for its use for 
ropeway plants. In normal cases it costs ]X‘r cent less than 

steel construction, and whilst the latter is of course preferable, it 
is not absolutely necessary. The x'ost may usually be reduced if 
the intending purchaser obtains the |irices of pine timlxr (cut both 
round and half-round) from local dealers and states these jiriees to 
the ropeway manufacturers, os it is generally immaterial to them 
from whom the timix-r is bought. If timIX'r is chosen as the 
material for the structural work, it should lx creosotcfl, or at least 
fhose parts of the timber posts which go iiito the ground should lx 
thoroughly tarred. Every few weeks, for the first two years, it 
will be necessary to go over the bolts which bind tlu? timber togetiusr, 
in order to tighten them, as the timlxT contracts innsiderably 
under outdoor influences. The necessary foundatiftn w'ork for 
these structures may lx of cither concret*; or masonry work, and 
most manufacturers will choo.so the latWir if bricks are reamly 
obtainable, as brickwork is often chea]xr and more rMiable than 
concrete. In some cases, the timber towers can be erexted without 
any foundation whatever, but for steel-work towers a foundation 

is essential. . , 

The track or main carrying rope is of great importancq, and 
onlv ropes made of the best quality of steel should be used. 

The chief causes of rope breakage are the brittleness of the steel 

voA I ^ 
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and the faulty desi^ of the plant. Brittleness usually a result 
of an attempt to give the rojK! an extremely hard surface, which 
will resist the wear and tear of the tjarrier-wheels. Faulty design 
is most frequently shown in sharp beds and kinks in the rope, 
which strain the individual strands to such an extent that they 
easily break ; a skilful (k'signer is very careful to lay the cable 
so that no sharp bends are given to the rope, and this, if the'Vope 
is of ample .strength and of a skilfiiKy .selected quality, ensures 
the greatest {wssible length of life. 

The length of time the carrying ropes or cables <wiil last depends 
chiefly on the quality and the construction of the rope ; six years 
is a fair average, though many rofxis have lasted double that time. 

The most generally used form of rope is a spiral rope in which 
each individual wire or strand is round, and the whole of the wires 
compo.sing the rope ar(> spirally interw'oven* together in such a 
maimer as to form a siilf-eontained continuous rope. This type 
of ro)30 is cheap and .serves as a godd track cable, but,unfortunately 
its surface docs not present a continuous whole or .smooth surface 
to the carrier wheel, and consequently a great amount of friction 
has to bo overcome, which naturally wears out the rope. Further, 
when one of the strands of the rope breaks, it immediately springs 
out from the surface owing to its natural elasticity, and a ro])c 
jacket must be placed on the rope, over the broken wire, to bind 
it down again. Unless this is done, the protruding wire will catch 
against the wheel of each cafriccr and jnay throw it from the track. 
Rope jackets of sheet .steel only cost a few pence each, but some¬ 
times the rope is high above the Ic^rci of the ground, and is not 
readily accessible. *To romedy these disadvantages, several types 
of locked and semi-locked ropes have been designed, with which 
it is practically impossible for <my such interruptions to occur in 
the traflic ; such ropes also have a smooth surface, which presents 
a much better track to the carriew wheels, creates less friction, 
and thus reduces the wear on the rope as compared with that on 
spiral ropes. • 

The cable should be supported on lengthy bearings or slideways, 
in order to avoid any sharp bends ; it should be suitably anchored 
at one end station and tensioned in the other. Some makers 
attach a telescopic spring to either end of the rows, whilst others 
use pulley blocks or screw gear for taking up the slack of the rores. 
The best method is to use a large tension weight, hung so as to allow 
free sliding up and down, according to the variations in the rope, 
and to keep it alwaj's at a fixed tension ; this method has con¬ 
siderable advantage over the others mentioned above. 

The hauling rope should be carefully selected, in order to obtain 
as smooth a working of the plant as possible. A rope with a hemp 
core should be used. The end-sheaves around which this row 
runs^should be of large diameter, so that the individual strands 
of the rope may not be injured in bending around it. The grooves 
of the pulleys of the driving gear may be lined with leather or 
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wood 80 as to iAcrease the gripping action on the ro]x>. 'I'he roix^ 
should also be suitably supported by rollers on the towers, in order 
to obtain a proper clearance# above ground level. In the station 
opposite te the driving terniinal,. the traetion ro|Xf should always 
be tensioned in a manner similar to the carrying roix's, but a longer 
plaj- for the weight must i)e allowed, as very considerable variations 
occur on the hauling ro[X‘. If these variations aiT not controlled 
automatically, the lAiulin^ rojK' becomes slack, and conseepiently 
the driving gear continues to revolve, whilst the traction rope 
remains stattunary, with disastrous cfleets to the strands of the 
rope. 

The driving gear must be carefully designed and should uiuler 
no circumstances consist of a single drum, round which the traction 
rojx; is wound two or three times to give the nece.ssarv grip. 'I'his 
method, which is us» ' by some makers, severely injures the traction 
rojKi and reduces its life to one-hali of what it would lx* if ])ro|x>rly 
designed driving gear were usefl. 'I'hc^ drive from the main sheave 
to the motor or engine is best effected through Ixu-el gearing, 
although ordinary .straight-t<H)thcd o* s))ur-gearing may Ix! us(!d 
if desired. , 

The carriers or buckets usually' consist of a two-wlx'cled trolley, 
the wheels of which must be of gcxxl malleable iron or, preferably, 
of cast steel. Cast-iron wheels, after the hard, chilled outer surface 
hius worn off, rapidly wear unevenly ^ with the result that when a 
worn part of the rim of Hje wheel come;: into contact with the 
surface of the track cable, the wheel eca.s(‘s to revolve and slides 
along the roixs, instead of rBnning along it. ^When this hnpixuis 
to several,*or pos.sibly all, the carriers on the line, the friction is 
so great that the driving power may not be strong enough to over¬ 
come it and the trans))ort is couseqm'ntly stoiqx-d, and in any 
case the wear on the rojx' is greatly increased. 

The wh(!els of the carrier or trolley .should be supported on axles 
fitted into steel side-j)lates, and froni this carrier the hunger which 
holds the bucket, and to which the hauling*ro|x^ grii) is fastened, 
should be hung. The general apjx'arance of such a carrier may 
be .seen from Fig. 4!). 

The bucket should be made of sheet iron or preferably of sheet 
steel. When the buckets art? to be automatically discharged, a 
tipping lever must be fitted and the pivots on which the bucket 
is supported must be placed below tlur (s-ntre of grftvity, so that 
the bucket cannot retain its position unless it is held fast by the 
tipping lever; consequently, when a catch strikes^ the tipping 
lever and knocks it out of place, the bucket tips over and the 
whole of the contents is automatically discharged. 

Fig. 60 shows an ordinary pit tub, hung from the curriers of 
a ropeway trolley. This arrangement enables existing rolling 
stock to be utilised for the ropeway transport, the tubs, being 
carried by chain slings, which are slipped on the hooks of the tubs 
and the carrier dispatched from the ropeway terminal on to the 
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ropeway traek, a process to which an ordinary labourer or youth 
can easily attend. In most cases it i^referable to use a carrier 
specially designed for a ropeway. tThe heavy wooden trucks 
frequently used on inclined haulage systems are unsuitable for a 
ropeway, as their great weight would necessitate very heavy carrying 
and traction ropes, with a» consequent increase in the initial cost 
of installation of the ropeway; the power required would" be 
unnecessarily great and the maintenance expenses would be unduly 
large, on account of the heavy wear and tear on the ropes occasioned 
by the heavy wagons. If the standard type of sopfeway carrier 
is used, the loads will be more uniformly distributed along the 



rope and the excessive strains due to the use of heavy wagons 
will be avoided. 

The loading end of the ropeway should be as near the working 
face as possible, and it should be extended from time to time either 
by light-gauge tramway tracks, if tubs are used, as illustrated 
in Fig. 50, or by an overhead track, if standard buckets are used, 
as in Fig. 49. The overhead track usually consists of a rigid rail, 
suitably supported,* or hung from iron trestles, as illustrated in 
Fig. 61. These trestles are quite simple to construct, and for loads 
up to half a ton can be made of light timber 5 in. x 5 in., with the 
cross beam 8 in. x 4 in., whilst for buckets above this weight and 
up to^ne ton, 7 in. x 7 in. timber, with an 8 in. x 6 in. cross beam 
w^l be ample. The rail of this overhead track must end exactly 
at the same level as the station rails, so that the ropeway cars, 
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when uncoupled from the traction rope, may run straight on to 
the track, and vice versa. The trestles and rails may be laid in 
any direction, and are taken and relaid as circumstances demand. 
The rails can be made of ordinarj- flat or angle iron of a sufficient 
strength to bear the cars which will travel over them. Unfortunately, 
the cost of extending an overhead track is much greater than that 
of Ikying light rails, so that whilst the overhead track has several 
advantages, and is Uie onf\' practicable system in some instances, 
a tramway system often proves to be cheaper. 

The grip lo» attaching the car to the rope has Ix'en the subject 
of many patents, yet there are few gowl grijis which can negotiate 



gradients of 1 in 1. As a sharp rise from the quarry or pit often 
requires a gradient of this steepness, the purchaser should very 
carefully satisfy himself as to the efficiency of the particular grip 
he has under consideration. On the other hand, it is a wise pre¬ 
caution, wherever possible, to excavate part of the'ground, or to 
alter the positions of one or more of the towers, so as to lessen the 
steepest parts of the gradient. Friction grips are usually the most 
convenient where the incline is not too steep, but for severe gradients 
screw-grips are safer, though much more troublesome. For any 
given works, that grip should be selected which, whilst affording 
the necessary safety after prolonged wear, is the easiest to use in 
attaching the carrier or removing it from the rope. t 

It is often convenient to use carriers which can be lowered 
to the quarry floor and raised almost to the level of the rope during 
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transport. Such a device (known as a bhndin) coifsists of a frame* 
work which runs on a track rope, and is fitted with a pulley and 
rope operated from one end of the track, so as to lower or raise 
the bucket from the framework. .Blondins are particularly suitable 
for raising loads of less than 5 tons out of deep quarries. They 
should be worked as rapidly as is consistent with safe working; 
in many works, they are tevcn too slowly—particularly orf the 



Kio. 51 .—Ropew».y e-xlension on telpher-track. 


return journitj', with the result that the output is lower than their 
true capacity. When carrying a full load the bucket may travel 
at the rate of 260-300 ft. per min,, but the empty bucket should 
not travel rft less than 400 ft. per min., and may usually travel 
much faster. 

An automatic weigher and totaliser, such as those manufactured 
by W. & T. Avery, of Birmingham, may be used to record the 
amoupt of material passing over the ropeway. 

Where there is any risk of damage by material falling from 
the buckets, a stout network should be spre^ beneath the ropeway. 
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Mono-ralU ()r Telpher Lines (Fig. 52) are rigid avrial ways, in 
which the buckets are carried on a steel rail. Strictly the h*rm 
“ telpher ” should bo coniine^ to those devices in whieli the motor 
is attached to the moving bucket, or carrier, but many other mono- 
rails are now known as Udphers. True telphers are seldom used 
in.quarries, as the simple and less exjjensive mono-rails and rojH“- 
ways are usually sufficient-, but telphers arc always worth considera¬ 
tion, w'hen unusually•large^|uant.ities of material have to 1 m‘ move<l. 



StT(tf/nin «£• llennhaK, lAil., ftrinlol. 
Kio. 52.—ToI|»hcr line. 


Mono-rails are commonly limited to short distances of 150 yards 
or less, as for longer distances rofww'ays are cheaiKS-, and on that 
account are preferred. Mono-rails are. however, very useful at 
one or both ends of a ropeway, as they facilitate loading and 
unloading (Fig. 51). * 

The rails usually comist of an ordinary 1-girder, the bucket 
or carrier being suspended from an attachment such as that shown 
in Kg. 63, in which the wheels run in two half-grooves to ensure 
smooth running, especially around curves. The haulage appliances 
are similar to those of aerial ropeways, the chief difference Mtween 
a ropeway and a mono-rail being in the greater rigidity of the latter. 
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Lifts in tii^sand industry are cbie^y of the ‘^cage ” variety ; 
they are occasionally used for conveying material from deep 
quarries, but chiefly for raising the sand to the highest part of the 
crushing and screening plant, so .that its later movements may be 
effected solely by gravity. In the United States particularly, it 
is customary to erect very high crushing, washing, and screening 
plants, and cage-lifts of the ordinary vertical type have been feund 
to be the most efficient means of elevating th» sand to the required 
height. A simple form of lift, in which the cage is 
raised and lowered by means of a rqpo passing over 
a pulley at the top of the structure, is quite satis¬ 
factory, but it is important that it should be skil¬ 
fully designed and provided with adequate safety 
appliances. * 

Conveyors. —^Where the sand or stone cannot be 
tipped directly into the grinding macihine or bins, 
conveyors arc frequetitly the most economical means 
of transport. They arc exceedingly useful when 
removing o\prburdcn, or working loose deposits 
with a steam navvy which discharges the material 
into a hopper above a conveyor ; the latter either 
carries the useful material to the plant, or the 
rubbish or overburden to a part of the pit on which 
it may' be deposited without causing any future 
inconvimienccl Conveyors are also used for taking 
the sand from dredgers to the land, for distributing 
sand in piles or binsi for storage, and for with- 
dra^v1ng sand from heaps or bins for use.. 

(Conveyors have an enormous capacity and an 
almost constant .delivery—two important advan¬ 
tages in sand transport. They consume a moderate 
amount of power and arc applicable in many ways, 
provided the distance is not too great. In no case 
should> they bo used for distances exceeding 1000 
yards, and in most instances 5(K) yards may be 
Pig. 53—Telpher regarded as the maximum. Conveyors require very 

supjiort.^ little room and the cost-of the upkeep is relatively 
small, whilst their efficiency and convenience are 
both high, so that they are well ada]>ted for use in working sand. 

Conveyors*are of numerous types. Those chiefly used for the 
transiwrtation of sand and stone are : (a) belt conveyors, (6) drag- 
plate and scrajwr conveyors, (c) bucket conveyors, and (d) jiggers 
or shaking ednveyors. 

Belt Conveyors (Fig. 64) are by far the most commonly used for 
carrying sand in an almost horizontal direction, though if baffies 
are placed on the belt they may be used for inclines up to 1 in 1. 
The nuximum length of a belt conveyor is determined by the fibre 
stress m the belt and is, therefore, ciosely related to the load and 
speed. Conveyors which are horizontal may naturally be loneer 
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than those reqilited to elevate the material. Conteyors 1000 ft. 
from centre to centre, amply supportetl-by runners and carryins! 
600 tons per hour, are in satiWactory use. A conveyor belt should 
usually be made of strong, woven hemp or six'cially pn'pared 
canvas (rubber alone stretches too mucli), and the edges should 
bo»tound with, cord to prevent tlieii* wearing tim rapidly. A 
coating of tar on the belt will increase its durability. Other 
materials may also Ite useS, either as a jwotection to the siirfaw * 
of the belt, or for its complete construction. Thus, Ixdts comix>scd 
of bars of r^otd or metal united by steel links are sonudimes 


< 'ontvuur Co., LUi., l.ondwi. 

Fro. 54.—Belt ctinvcyor. • 

employed, and recently belts made of thin st<‘el have Iwen extensively 
used in a few works with highly sati.sfactory results. 

Where coarse materials, such as stone, are to 1* conveyed, 
a chain- or link-belt is often preferable, especially as it may also 
be used as a coarse screen for separating the smaller particles ; 
such a belt is, particularly useful in separating and removing gravel 
from sand. 

Belts of cotton, hemp, or prepartid canvas, such as balata, 
are the most extensively used as conveyors. 8uch belts, which 
in general shape and appearance! resemble those used for driving 
machinery, pass over two pulleys—one at cither end—and over 
a number of guide rollers, or “ idlers,” arranged at intervals,along 
its coarse. Where the ciuantity of sand to be carried is sufficiently 
largh, the plain guide rolls may be replaced by sets of three rollers, 
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BO arranged as* to bend up the edges of the belt, 'and thus form a 
channel in place of the flat surface. When such a trough conveyor 
is used, the belt may, with advantage, have a flexible joint running 
lengthwise of the belt and a few inches from its edge, so as to make 
it easily conform to the shape required and to prevent any sand 
from spilling over the edges. , • 

For large outputs, the use of a belt in the form of a trou^ is 
better than a flat belt, as the latter retjuires ^side boards extending 
along its (mtire length in order to prevent spilling, but trough belts 
are never very efficient, and the trough-forming pulleys are a 
prominent cause of wear on the belt. One pulley round which 
the belt passes rotates in fixed bearings and is driven from the 
engine or shafting; the other end-pulley should be fitted in a 
movable frame with sliding bearings, so that the tension of the 
belt may be kept constant and sagging avoids d. All the bearings 
should be provided with caps fo prevent dust or dirt falling into 
them. On the under side of the frame of a horizontal belt, idler 
pulleys should be fitted about 20 ft. apart, to support the returning 
portion of the belt. . 

The belt conveyor has one advantage over most other types 
of conveyors in that it may be driven from any point in its Icn^h, 
though an end-drive is preferable. If the belt conveyor is inclined 
it is generally desirable to place driving pulleys at the upper end, 
otherwise the slack part of the licit would be on the ujqier or working 
surface, which is very undesirable ; .driving from the lower end 
of an inclined Ixdt also necessitates increasing the tension on the 
belt, which is another unsatisfactory <eaturc. 

The use of an intermediate drive using “ snub ” pulleys, though 
satisfactory for .soft materials, is undesirable for hard and angular 
materials such as sand, as the particles tend to become embedded 
in the belt and will, in time, injure it. Snub pulleys also have the 
disadvantage of forcing the working sides of the belt, when at 
greatest tension, against the face of the pulley. To secure 
economical working it is essential that the belt should travel at 
a fair a]K'ed, usually about 240 ft. jxfr min., but an excessive rate 
must be avoided, especially with fine sand, or the material will 
be wasted in transit by being blown off the belt. Short belts 
less than 14 in. wide may usually travel more rapidly than long ones. 

Ordinarily, a belt conveyor is loaded at one end, but if desired 
it may be fed at any other point prior to that of discharge. 
It is usual to discharge the material at the end remote from that 
at which the load is supplied, though it may be discharged at any 
point by placing a vertical board at an angle across the belt, so that 
it diverts the material, whilst allowing the belt to travel forward. 
A series of such diverters may be used to enable one belt to supply 
material to each of several bins in turn, the diverters being moved 
as eaph bin is filled. 

It is advisable to provide some mechanism to clean the belt 
after it passes over the discharge pulley, rotary brushes made of 
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various fibres being generally used. These bnishes revolve rapidly, 
sweeping the material into the chutes.. They are driven by an 
extension of the conveyor pidley, and are provided with means 
for adjusting the brushes for the wear of the fibre. 

The various runners, pulleys, etc., are usually carried on a 
frame which muy be of wood or ste(d-•jneferably the latter—one 
end tsiing bolted to the head-gearing frame. The shafts and gearing 
should be proportionate to^the width and length of the conveyor. 
Table LXJV. shows the size of the various rollers required for 
belts of diffew-nt widths. 


Tahi.e LXIV. ■ Belt Oonvkyou Uoi.i.kh Sets. (fJ. Mitoliell.) 


Wlilth in Indies. 

. 

12, 

ir>. 

IH. I 21. : 

! 

Ul, ' 27. 

j . 

.10. 


40. 

14. 

48. 

■ 

'J\>n Rollers; 
Oianietor . 

• 

5 


1 i 

(i '• (i ♦ 

11 i 7 

7 

7 

H 

K 

fl 

Width *. 

4 


r>A ; h 

'1! xl 

il 

1(4 

loA 

10| 

I0| 

Tube sfiiudles . 

I 

I 

U' 'll 

111 ij 

'i 

u 

13 

U 

2 

Bottom Hollers : 
Diameter . 

4 

4 

1 ! 

. ‘ . 1 
o o 

« 

■» h 

11 

7 

7 

8 

H 

Width 

14 

17 

:!0 1 ill 1 

27 i :io 

32 

:tK 

42 

47 

51 

8olid spimlle 

> 

1 

1 ; U: 

Ij: U 

'S 

U 

U 


2 

'Pop Kdge (liiides : 
Diameter . 

4 

4 

4 : ■> ' 

- 


h 

(i 

ti 

0 

Width 


;i 

4 4 

I ; .7 

.7 



({ 

(i 

Tube spirulh's . 

1 

l 

4 1 u; 

• 

'1! '1 

1 


IJ 

U' 


u 


Th(^ thickness or |)ly of the Is-lts used ifreil not tro\ible the 
purchaser to any great extent, as the maker will generally s*'e that 
the ply of a belt is suitable to itj width. Table J.XV., however, 
shows the most generally satisfactory plies. 


'I'aiii.k LXV.- Bki.ts ton Convkvohs. (C. Mitclicll.) 


_ .. . . ..... 

* I'lU-K. 


Width. 

>tPlj|wd. 

(inliniiry. 


(Mil re. i:d«C«. 

Equal IMUit. 

Not exceeding 12 in. . 

M 18 4. • 

2 4 

:» i • 

3 

4 

24. 

3 j « 

5 

„ 30. 

4 « 

5 

„ 40. 

7 

6 

,. 4S. 

41 ! H 

7 



-- 


Output of Bolt Conveyors.~Thc output of a conveyor depends 
to a largo extent on the manner in which it is uwd, ^ the “ ^r^nal 
factor ” plays a large part in controlling it. Table LXVl. shows 
the approximate capacity of belt conveyors of different widths. 
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Table LXVI. — Horizontal Belt Conveyors on 160-it. Centres. 
( 0 . Mitchell.) 


Width In tnehea . 

12. 

15. 

18. 

21. 

• 

-1 

24. 

27. 

80. 

36. 

40. 

44. 

48. 

Driving and drum 

IS 

20 


24 

27 

30 

33 

36 

38 

40 

42 

Tenhlon . 

15 

18 

Si 

22 

24 

20 

28 

30 

32 

34* 

SO 

Width of both nliovc 

14 

17 

20 

23 

27 

30 

32 

38 

42 

47 

51 

Oeartng ratio . 

3:1 

3: 1 

4: 1 

4: 1 

4: 1 

.5 : J 

‘ l| 

5: 1 

6:1 

6:1 

6:1 

PItoh . . . 

1 

1 

u 

I) 

24.'| 

u 

ii 

u 

3«x*l 

1) 

Driving pulley 

18/4 

18x6 

21x4 

21 X 5 

24 >. 5 

30x5 

30 .6 

36x6 

42 > 8 

Spee<l 

128 

150 

208 

102 

170 

223 

203 

212 

240 

288 

273 

Output, tonM |H'r hr. 

30 

48 

70 

82 

05 

123 

136 

4|8;** 

200 

281 

312 

Speed, ft. ]ier ndn. 
Rubber and canvuH 

2(H) 

250 

300 

300 

300 

350 

350 

400 

400 

500 

500 

belt ply 

Solid woven canvas 

3 

3 

4 

4 


5 

5 

0 

6 

7 

7 

belt thlckiicMs 

Size of longitudinal 

A 

fa 

i 

i 

i« 

A 

A 

1 

1 

8x34 

1 

channels 

i> '< 24 


5 2J 

«:■ 3 

8-.3 

0x3 

7, 3i 

«: 

7,v3J 

7-31 

8X34 


All dlmenflionit are In Inchet). The output if oatoulatod on material weif(hlnR I>0 lb. per cu. ft. 

Whore tho inclination of a conveyor is very steep, its effieiency 
may be increased by fastening strips of wood or iron about 3 in. 
high at intervals of 3-4 ft. on the belt. These prevent the material 
from falling down the belt, and enable the conveyor to be used for 
an incline of 25 degrees, or a rise of nearly 1 ft. in 2 ft. Unfortun¬ 
ately, when such cleats or Hites are attached to the belt it cannot 
run so smoothly as a plain belt, so that for very steep inclines 
bucket conveyors or drag plates (see lafer) are preferable, or, in some 
cases, vertical lifts are test. 

Fixing Ball Conveyors.—Great care is necessary in putting on 
a new belt, in ordei* that it may be mounted perfectly •true, other- 
\Vi8e the wear will be excessive. As a matter of fact, it is very 
difficult to make a conveyor telt, or in fact any belt of great 
length, absolutely true and straight when stretched. Conse¬ 
quently, after it has been placed on the pulleys it should 
be started very slowly, watched carefully, and the tension put on 
very gradually ; for* it sometimes happens that the tail pulley 
has to be taken up more on one side than the other, and some of 
the intermediate carriers moved to the right or left, so as to adjust 
any inequalities in the telt. In making these adjustments great 
care is necessary, but when once the belt is adjusted it will usually 
continue to run true and give satisfactory service until worn out; 
if, however, the belt is set wrongly it is soon spoilt. Sometimes, 
in ignorance, steering idlers are applied to force the telt to run 
within certain limits; this is not good practice, as these idlers 
wear out the edges by exce8si\e pressure, and although the belt 
may be forced to run approximately tnie, it does so at an enormous 
cost in wear and tear. Steering idlers should only be used to 
prevent accidental sheering of the belt, and not for forcing the belt 
to ru)), true. 

If, after running straight for some time, a belt begins to run 
erratically, the whole conveyor should be carefully examined, as 
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any deficiency ih the lubrication may make trouble by causing 
any one of the pulleys in a set of truuglung idlers to run hard or 
to remain stationary. Perfec* iubrication plays a very imjairtant 
jmrt in the successful operation of a la'lt conveyor, and though 
self-lubricating devices should bo used, they I'equire frequent 
examination. • 

The most suitable trougliing idlers, if these arc necessary, 
consist of three pulloys, ofte horizontal and two side pulleys at 
a suitable angle. Care should be taken that the edges of the pulleys 
do not cut th^ belt. 

In lacing a belt, the edges should 1 h‘ made to coincide and the 
centre of the belt fastened first. Then thi! edgi?a of the Ixdt should 
be secured and finally the spaces Ix'twcrn. If metal fasteners 
are used they should be inscrtcsl one on one side and another on 
the other side, alti“*: atively, \mtil the whole width of the belt 
is securely fastened. 



Feeding Belt Conveyors. —In n^ost eases, a chute or hopper ie 
employed for supplying the mati'rial to the Ixdt. Such a chute 
or hopper should deliver the material on to the belt at apjwoximately 
the same speed as the l>elt travels, so as to avoid unnecessary 
abrasion. The shape of the chute should b»! s\ich as to prevent 
the direct impact of the material on to the b<!lt. In all cases, care 
should be taken that the chute cannot damage the belt during the 
feeding. It is undesirable, though sometimes nccicssary, to feed 
from two chutes on to the same belt, but this tends to overload 
the belt and also to cause unnecessary abrasion as a result of the 
material already on the belt coming into contact wiith a stream 
descending from another chute. Whichever type of chute is 
employed, it should deliver on to the centre of the belt so as to 
distribute it evenly over the surface of the conveyor. « 

Discharging Belt Conveyors.— If diverters (p. 330) are used, 
they should be arranged so as not to damage the belt, though they 
almost invariably cause increased wear and tear. A tripper 
(Fig. 65) which may be placed at any point on the belt and may 
be moved os desired is less likely to damage the belt. 

Prior to stopping a belt conveyor, it is important to let it 
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discharge the whole of its load; otherwise, on I'estarting it,, an 
excessive amount of power may be required and this may causi; 
serious trouble. With a little forethought, no difficulty need be 
experienced in taking this precaution. 



Poidometers. —If desired, Indt conveyors may be arranged 
either to weigh the materials which pass on to them or to supply 
definite quantities of materials on to the belt. This is effected 
by means of a |H)idometer, ^juch as that shown in Fig. .56, which 
consists of a conveyor, mounted onta sU-el frame and prepared 
to receive the material from a cast-iron hoiqxir above. The material 

f> 



Jhpburn Conveyor Co., Ltd., Wakefield. 

Fio. 67 .—Portable belt conveyor. 

passing from the hopper on to the belt causes the belt to sag, so 
that its weight is borne by a supporting roller under the middle 
of the belt; this roller pulls on the walking beam of a weighing 
machine, causing a reverse motion which is counterbalanced by 
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ft weight on thi! scale beam, which, in turn, is a measure of the 
weight of material supjiortcd by the j-ollcr. Where a regular 
supply of material i.s re<iuu«i] the motion of the beam is made 
to close or ofam the hop|HT gate *io as to keep the delivery of the 



H. Dfmfinter A Som, Ud., Ktiavd. 
Fig. 58.—Bucket conveyor. * 


material constant relative to the weight indicated on the scale 
beam. By means of this ajiparatus it is possible to measure 
the amount of material passing over a Ixdt (see also p. 320). ^ 
Portable Belt Conveyors such as that shown in Fig. 57 are some¬ 
times of value for short distances. The design is practically the 
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same as for larger fixed conveyors, but a specfal oil-engine or 
electric motor is used and the whole apparatus is mounted on a 
movable body, so that it can be tbken from place to place as 
required. When the material has to b<i conveyed in an upward 
direction, it Ls usually preferable to employ a bucket elevator, or a 
belt to which cross-pieces or “ slats ” are attached, to prevent the 
material from travelling backwards instead of forwards. * 
Bucket Conveyors (Fig. 58) consist 6f a aeries of buckets fitted 
with wheels and attached to each other to form a long endless 
chain. The buckets empty them.sclves as they turn oter the pulley 
at the delivery end of the conveyor, or they may be made to tip 
at any desired point. In .some forms of bucket conveyors the 
buckets are maje to overla)i. In another form the buckets are 
fixed to a belt at regular intervals instead of being linked together. 
(See also Fig. 41 and Bucket Klevators, p. 33!)). < 

Jigging Conveyors (Fig. 59), are sometimes very economical if 
the material is not plastic or stielly and the distance is not too 



IHunutml i'onl Cutler Co., Wakefield. 
Fl«. 59.—Jigging convey«r. 


great. They usually take the form of shalkw troughs mounted 
upon arms, pivotod nbout their lower ends, and have a slight 
inclination to the vertical, sloping upwards in a direction contrary 
to that in which the material is to move. A small to-and-fro 
radial motion is given to those arms, which thereby first impart a 
slow forward and upward motion of about IJ in.'to the trough, 
and then rapidly draw it down and back again. As a result of this 
action, the material jwoateds forward in a series of small jumps 
which arc, however, almost imperceptible, the material appearing 
to flow uniformly along the trough. 

Long troughs should be divided at the centre and driven by 
cranks, arranged opjiosite to each other, so as to balance the 
apparatus and obviate unnecessary \’ibration. , 

The capacity of a jigging conveyor is obtained by multiplying 
the crpss-sectional area of the trough by the speed in feet per 
minute. The speed of travel varies from 60 to 120 ft. per min. 
The power required to drive a jigger conveyor varies with difierent 
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types between wide limits, but is usually lx4woen l/IO and 1/(10 
h.p. per foot-ton-hour. , 

A jigger conveyor has fo\wiiioving parts, ajid all are simple and 
readily accessible. If necessary laich a conveyor can 1 h> used as a 
screen, or as a drainer, though not so satisfactorily as some other 
types of screen. » 

Sprocket-chain Conveyors have two parallel chains in ))lnce of 


It. Dftnpdfr it' Sont, lAil^ lillfitiJ. 


¥t(i. 60 .-^k^rai)cr cfiiiveyor. 



a belt, these chains carrying a series of trays or buckets. Such a 
conveyor (see Fig. 01) is chiefly hsikI for inclines greater than can to 

bandit with an ordinary belt conveyor. , c j 

Scraper or Drag-plate Conveyors (Fig. 60) consist of a hxed 
wooden or metal trough, above which runs an endless chapi, to 
which are attached wooden or metal plat(*s somewhat smaller than 
the cross section of the trough. The number of these plates or 
voB. I * 
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scrapers depends on the desired capacity of the conveyor, and on 
the ease with which the material can be scraped along the trough ; 
for sand they are usually about 2 ft. (ipart. 

On setting the conveyor in motion, the plates are moved forward, 
dragging with them any material which may have been placed in 
the trough, and carrying i*to the end. The plates then pass over 
the end-pulley and so back to the beginning of the trough, when 
they again draw the material forwartl. By providing suitable 
openings in the bottom of the trough, the material may be dis¬ 
charged at any point; otherwise it will be discharged at the end 
of the trough. 

The disadvantage of tliis form of conveyor lies in the tendency 
of the plate to become jammed and to stick fast if the material is 
wet; otherwise it is a useful and very practical appliance for 
moving coarse sand and gravel. There is much friction on the 
inside of the trough as the material passes along it, with the result 
that not only is a considerable aftiount of power absorbed, but 
there is much wear and tear of the trough, and a great tendency to 
contaminate the sand with, the material of which the trough is 
composed. 

Drag-plate conveyors are chiefly used for very steep inclines 
where an ordinary plain belt would fail to carry the materials. 
They are not suitable for wet materials, as the adhesion of the 
latter causes an excessive consumption of power. 

Table LXVII. shows the capacity (|f conveyors of this type. 


Taiilk LXV'^II. -CACAcmRS, Spekos, apiu Dimensjons of Drao-platr 
* CoNVKVOKH. ((j. Mitchell.) ** 


WhitI) in Inciicfl. 

9. 

12. 

< 

15. 

I«. 

21. 

■ 24. 

Capacity tons per hour 
of material 50 lb. per 
cu. ft. . . .« 

g 

11 

10 

20 

30 

40 

End cliain wheels 

i.'il 

15i 

1»J 

I9i 

24 

24 

Trough channels (in.) . 

5x2f 

6x2J 

6x3 

0x3 

8x31 

0x3i 

Speed (ft. per min.) 

80 

75 

76 

70 

70 

70 


* (IVC’ 

The capacity may also be calculated from the formula C= 

where C is fhe capacity in cu. ft. per min.; o is the space in cu. ft. 
between two scrapers; v is the spwd in ft. per min.; d is the 
distance apart of scrapers in ft., and e is a filling coefficient, dependent 
upon how much of the space between the scrapers is actually 
occ^ied by the material. It varies from 0-4 to O-S. 

The plates in scraper or drag-plate conveyors move at speeds 
varying from 60-120 ft. per min. 
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Bucket Elevators. —For raising sand from one level to another 
in cases where a belt eonvcym; cannot be tised, a bucket elevator 
(Fig. 61) is of great value. It usually consrsts of a numln'r of 
buckets placed at regular intervafs along^a Itand, or between tw() 
parallel endless chaias, which ran over , 
pulfevs platted at the head and foot of 
the elevator. The band piay be of 

cotton, rubber, leathert or hemp ; when r' —ti 

chains are used they may bt; of the 

Ewart detatthabie tyjie matle of mal- 

leable iron. The pulleys for the leather ^ 

and similar belts arc of the usual (f 

crowned type, special sprocket wheels 'i'~V 

being used for the chains. Owing to I | VA 

the high cost, leather iK'lts are siddnm ds 

used. , • ' r~]r ijr 

The buckets may be of pressed steel j_B 

or iron. When coarse materials are JS 1 

being conveyed, holes are made in the* t—| |— 

buckets for draining purjMj.s(!s. The I 8 

sha|)e of the buckets depends entirely ([ I 

on the kind of material to be elevated 

and in the s1o|K! of the elevator. It is |_ll 

very important that a well-designed { | | 

ty[)c of bucket should Ix' us5d ; very 
small buckets tend to sjhll the niaterial , 1--^ 
as they pass .over the top pulley, an<l \ rJ J 1 
so decreases the output of the elevatoi' (I | < 

and clog the mechanism by which it is [— j 

moved. * ' | 

The material should be fed into the L f'-ro') 

buckets as they rise from th«i boot, or 
bottom casing of the elevator; it should ' 
not be delivered into the lx)ot itself, 
but should be supplied about 2 ft. p-Jl , 

above it, as much power is wash’d if > I 

the buckets are filled by ploughitig | Xy\y''^ 

through the material placed at the 

lower end of the elevator. The efficiency / . 

of a bucket elevator defends on a eon- 
stant and regular feed, so that it is 

preferable whenever possible to employ Kih. 6I.—Biickrt elevator, 
an auto-feeder. 


The discharge takes plai* beyond the head of the elevator 
and should be so arranged that the material from one bucket 
falls clear of the preceding bucket. In some vertical elevajors 
the carrying chains are placed at the sides of the buckets, and, 
after passing round the larger head sprockets, are bent back 
by smaljer snub sprockets to ensure a clean delivery. This, is 
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avoided if the conveyor is steeply inclined instep of being quite 
vertical. * 

Continuous buclifbt elevators are *80 arranged that there is no 
intervening space between the buckets, the back of one bucket 
forming a chute for the ‘ijelivery of the material in the following 
bucket.. This type of elevator has the further advantages thqt'the 
material may be fed in at various poii^s and not only at the foot, 
and also* that J>reakage of the material is greatly minimised. The 
bucket flights are generally supported by flat bars which run upon 
renewable steel or cast-iron wearing strips. " 

Elevators should be enclosed in a wooden or sheet-iron casing, 
doors being fitted for inspection purposes. The foot or boot should 
be fitted with screws to take up the belt or chains when they become 
slack. 

The capacity of elevators is given by : * 

, ,* 'VxexVy.w 

tons per hour=— 37 ;^ > 


• 

where V = speed in ft. per min., C = capacity in cu. ft. of one 
bucket, «) = weight per 1 cu. ft. of material, distance apart of 
buckets, and e. is a constant depending upon the filling capacity of 
the bucket; it varies from 0-5-0-75. Hence the amount of 
material delivered by a bucket elevator is usually 50-80 per cent of 
the theoretical output calculbted on the capacity of the buckets. 

In common with most conveyors, the speed of the elevators 
depends upon the material. An aj^erage speed for coal is 90 ft. 
per min., for ore ahd similar materials 5)0-120 ft. per min., for clay 
200 ft. {X!r min. 

The ])owcr required may be, taken as follows : 


H.P. 


15 WH 

10,000 ’ 


when W =tons per hour elevated and H=tho height to which the 
material is to be lifted, but double this power should usually be’ 
provided. 

Elevators may be driven through belts, chains, spur- or chain- 
waring, the drive being arranged at the head of the elevator. 
Where belt- or chain-drives are employed, they should be of less 
strength than, the elevator chains, so that in the event of a breakage, 
due to overload or other causes, the driving chain would fail first 
and thus spve the elevator chain—^the advantages being obvious. 

Road inaction, whether by horse and ce^ or by the more 
modem traction engine or motor van, is usually cheaper for local 
deliveries than the railway. The most convenient tyj* of cart is 
an ordinary tip-cart of about 2 cu. yds. capacity, but if the district 
is very hilly a smaller cart containing only li cu. yds. may be more 
convenient. Horses and carts are not economical for distances 
above three miles; motor lorries are economical up to about 40 miles; 
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above this ist^ce the railway is cheaper, though if there is a 
moderately long distance between the railway and the site to which 
the material has to be deli\%red, it may be* cheaper to send it 
throughout the whole distance by motor, / 

Traction engines and motor lorries are# much more suitable than 
horse wagons for sand pits, stone quarrieS, etc. The roads must be 
suita'blc, however, and kept in good condition, or the )vear and 
tear on the machines is excessive. For loads over 10 ioiW; steam 
wagons are generally more economical than those rrtfh oil engines. 
A motor wagon driven by producer gas apjaws to offer several 
advantages. Oil-driven motor lomes are unsuitable for weights 
over 6 tons, owing to the wear and tear on the wheels and engine. 
They are preferably built of steel with riveted spokes. 

The driver should be a skilled motor mechanic, capable of telling 
from the teat of his'engine whether anything is the matter, and if 
so, of repairing it at once. This mqans higher wages than are paid 
to horse drivers, but the increased output of the motor compared 
with that of a horse and cart will compensate largely for this. It 
is strongly to te^ recommended that all •motors and traction engines 
in regular work should not be used for more than five working days, 
and should be thoroughly overhauled on the sixth day ; including 
such repairs as re-boring cylinders, re-tubing the boiler and other 
more extensive repairs, it is not safe to reckon on more than 240 
working days ]ier year. , 

It is almost im{)ossiblo ah the present time to institute a really 
reliable comparison of working costs and standing charges of horses 
and carts with other forms df traction, as sq much depends on 
local condifSons. The question of depreciation also complicates 
the proWem. It is probably correct to write off one-quarter of 
the cost of a motor wagon at the ond of the first ypar, and at the 
end of each succeeding year to take off a quarter of what is left; 
thus a motor wagon costing £800 would depreciate to £600 at 
the end of the first year, to £450 at the end of two years, to £190 
at the end of five years, and after eight yeare’ use it would have 
' on the books only' one-tenth of its original cost. This method 
of calculating the depreciation is much safer and fairer all round 
than the more usual one of wTiting off 10 per cent of the original 
cost each year. In estimating the cost of motors and engines 
with a view to comparing the different types in urns, errors of 
considerable magnitude often creep in, owing to the careless way 
in which repairs are not charg^ to the transport but to a general 
account for the whole works. The wisest course is to opep a separate 
bank account for the motor wagon or steam engine with its attendant 
trailers, to pay all expenses in connection with them out of this 
account, and to place to its credit all sums received for the delivery 
of the material. 

In consequence of the expenses of repairs, many firms*now 
sub-let all their carting to engineering or other firms, at a rate 
depending on'the load and the distance, and in this way save 
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themselvcB the worry and responsibility of repairs ind depreciation. 
For establishments of moderate size this plan is to be commended. 

It is generally found that for journeys of 20 miles or more 
a loa<l of 4 tons on » motor is imore economical than the use of 
horses and carts. For shorter journeys, the load multiplied by 
the journey must not be'less than 60, so that the critical paint 
is 5 tons ioT 12 miles, 6 tons for 10 miles, and so on, though'with 
improved'.Cjonstruction this may be rfiduccd. For a number of 
journeys in <psick s\icccssion and on good roads, a 6-ton lorry 
when fully loaded should be able to make at letwt ‘four journeys 
of five miles each in a day, but much depends on the facility with 
which it is Iniuled and unloaded. The use of additional bodies, 
which can b<! lifted on and off the chassis by means of a crane, 
greatly facilitates loading. Sptfcial care is required to ensure a 
mininitim amount of time being spent in loading and unloading, 
as (luring this time the driver’s jvages and the interest and deprecia¬ 
tion charges on the lorry are earnirife nothing. 

As regards the size and typo of motor, it may Ik; taken roughly 
that loa(ls under 5 tons are most economically carried on the motor 
itself, but larger loads are test distributed between the motor and 
a trailer. The relative advantages of oil (petrol or paraffin) over 
steam are most marked in the smaller loads (10 tons and under), 
and are chiefly due to economy of power-production per ton-mile, 
to the rapidity of starting, and to the smaller cost of attendance. 
For larger engines, the cost' of petrql is too grciat for economy, 
but if an engine burning heavy oil could be constructed, or producer 
gas could be used, the adoption of the heavier type of motor wagon 
would make progress. 

Water carriage is deservedly popular where it is feasible, as 
it is cheap. The chief disadvantages of this moans of transport 
are the low levcd at which the material must necessarily be delivered 
and the slowness of the transit. 

Railways form the chief means of transport over long distanees, 
and for economical 'working it is, therefore, advisable to have a 
siding in the yard whenever possible. Miniature railways are a 
feature of some sand pits and quarries, the locomotives being driven 
by steam, oil, or electricity, according to local conditions. With 
the rapid increase in the general use of petrol motors, their applica¬ 
tion in the quarry is only a matter of time. They are excellent 
for loads ujf'to about 5 tons, but for greater loads small steam- 
driven locomotives or electric motors are usually cheaper in use, 
though not in the first cost. When the delays connected with 
arranging llirge numbers of wagons into trains and redistributing 
them are considered, it is often found that several smaller motors 
driven by youths will move the material more rapidly, more 
conveniently, and at less cost than a locomotive. 
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Mechanical Equipment in Sand-Pits and Quarries 

At the present time, both hatd labour and mechanical appliances 
are so dear that many owners of sand pitij or quarries arc in a 
quandary as to what course to pursue. / Energetic and persuasive 
trilveliers representing firms who manunicture labour-saving appli¬ 
ances are naturally more interested in the sale of these dt^vices than 
in the precise amouift of saving to be effecU'd bytjj^-'prfi'chaser. 
On the other hand, there is no one to send out Iflfvcllers to put 
forward the*c(»uo for the employment of hand labour, and con¬ 
sequently its merits are apt to be overlooked. It is, in fact, of the 
greatest importance when considering labour-saving machinery to 
ascertain exactly what economy will follow. No two cases are the 
same, and in every instance where mechanical plant is contemplated, 
local circumstancc.s* may affect the case one way or the other. 
Wages are about doubh* the pre^-wa* figure and the hours are reduced 
by about 11-per cent. Machinery costs l.'iO jx-r cent more than 
it did in 1914, repairs and spare parts have risen in proportion, 
while with financial conditions as they are at the moim-nt, it is 
not always possible for a firm to meet a new heavy capital cx[X!ndi- 
ture. Even where the additional capital is availabhi, it docs not 
always pay to invest it in mechanical aj)pliances. Thus it would 
not pay to purchase a steam navvy to dig and load 20,(KKi tons 
of sand, but for a much larger quanjlity—say 150,000 tons in tim 
years — a steam navvy (ineluding full nqmyment of capital and 
repairs) costs less than half the amount which would have to be 
paid for hand labour. * , 

One advantage of mechanical handling lies in the less extmt 
to which manual labour has to be r(4ied on, the kisser dislocation 
which follows on strikes, and on'the greater contentment of the 
few men employed, as the higher wages earned yJact! them in a 
more comfortable po.sition. (Jn the other hand, machinerjyr is 
not necessarily more reliable than hand lalxmr, and it is {mrticularly 
harass! ng to find that the whole of the works may be seriously 
disturbed by the sudden breakdown of some more or less trivial 
detail in the mechanical part of the plant. 

The principal considerations whi(.h each manaf^r should apply 
when considering replacing hand labour may be briefly enumerated 
as follows: . . . -n 

(а) Can the cost of working be curtailed, and if so, what will 
be the annual saving ? 

(б) Will better working result, or greater output follow the 
introduetion of maehinery ? If a peater output is obtained from 
the plant already in use, what will be the effect in wear and tear ? 

(c) Is the saving effected by (a) and (6) likely to be sufficient 

for meeting the standing charges for repayment of capital at 
6 per cent interest, and also for depreeiation and repairs ? » 

(d) Will efficiency be sacrificed in order to effect an apparent 
economy ? 
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(e) Will the reduction ,of labour relieve the mailagement of anj 
anxiotiee not actually meefcurable in money f 

Considerations of capital charges a#e perhaps the most importani 
matter to be ststtlcd replacing* hand labour by machinery. Ii 
other words, what capital outlay is permissible in order to savt 
the wages of a single workman ? In the majority of cases the 
men dispJjfcced will be ordinary labourers paid at the lowest rates 
for meclifcigal labour-saving machinery seldtiin does the work ol 
a skilled craftsman paid at the special rates ruling fur his trade 
Moreover, the attention demanded by machinerjj Involves the 
introduction of skilled labour to operate and repair it. Including 
outgoings in the way of tools, National Insurance, holiday pay 
and in some few cases profit-sharing or other forms of bonus 
the exi»nditure per labourer per annum amounts to approximate!} 
£200. The annual charges on the capital costs of new machinery, 
including interest, wear and tegr, depreciation, or the writing of! 
of capital, amount to a total of 20 yxT cent per annum. Now the 
£200 which is equivalent of a labourer’s total cost, represents the 
interest at 20 per cent on lur outlay of £1000, so that it may be 
assumed os a general statement that if the work is continuous 
for five years or more, the capital outlay jK^missiblo on mechanical 
plant may bo reckoned at £1000 per man displaced by it. This 
figure indicates that in cases where a permanent reduction of ten 
men or moie con Ixi forescep, com))aratively lai’ge schemes may 
be undertaken. It is th(! smaller sch<vncs, in fact, which demand 
the most thorough scrutiny, for with them the delays due to 
machinery not wording properly ari^ the most serious. In con¬ 
sidering the figure £1000, the cost of fuel or driving )H)\i^r, lubrica¬ 
tion and attention to the machinery must not be overlooked. 
Assuming that these cost only l>2s. per week, it would reduce the 
permissible outlay to £9(K). In most cases a much more elaborate 
calculation is necessary, as the whole of the costs of working the 
macliine and the capital charges must be ascertained; an allowance 
for times when the machine is out of order, and for when there 
is no work for it, mu.st be added (for no saving can be made by 
trjing to put a machine on “ short time ” like a labourer), and from 
the figure so obtained a fairly accurate comparison may usually 
be made. 

The best method of calculating the capital charges is to decide 
*how many years the machine may be expected to work at full 
speed, without an excessive charge for repairs (ten years is usually 
a maximum^, and then to inquire of an insurance company, what 
would be their charge for an endowment policy for the cost of 
the machine, the policy to be payable in the given number of years. 
The annual charge required by the insurance compwy may be 
taken as the sum which would be charged to the machine to cover 
interest on capital, repayment of capital, and depreciation—^in 
short, the capital charges. 

There are of course many operations which cannot be effected 
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so cheaply raecBanlcally as by hand labour, but the wise manager 
always should realise that a simple n^chine of any automatic 
character, which is reliable 4n its action and is kept constantly 
at work, will be cheaper and more dependable than a man, if the 
machine cost £850 for each man it displ^d. Hence, if a machine 
costing £25(X) is contemplated, it must actually, at that particular 
worlw and under conditions then prevailing, displace, at kasl three 
men if it is to be of :iii’eclf financial benefit. If a . required 
to work the machine, then at least four men and^^obably five 
should be di^lpced l)efore the machine is profitable. 

It is most important to observe that it is the average tauformanco 
of a machine at the purchaser's works which defines its value to 
him. Thus, a steam navvy may have an output of 10 tons jKir 
hour, or 720 tons j)er week, but if it is only re(iuircd to move 1(K) tons 
per week, it will niTt pay to use it in most works when' labour is 
available. A similar argument applies to many other labour- 
saving devices ; they are only profitable when fully employed 
for at least 80 |X'r cent of the working week, duriirg a pcriixl of 
eight to ten years. Where a mechanical handling device is o)H‘rating 
at less than 80 per cent of its rated output, it will only justify ite 
installation in cinmmatanccs which cannot be justifiably termed 
“ usual ” ones. For this rca.son, whilst quarry managers and others 
should always retain an oixm mind with regard to the use of 
machinery, they .should also remcml)yr that there are many condi¬ 
tions in which human labour is cheajwr, especially where the work 
is of an intermittent or irregular character, as men can be put 
to other work, placed on short time, or even “ suspended,” but a 
machine, Once it has been ))urchased, involves the same capital 
charges when it is idle as w'hen it is fully at work. 



CHAPTER VIII 

CRUSHING SAND-ROCKS AND GRINDING SAND 

Ajtbr tho material has Ix-en quarried and transported to the plant, 
it is treated in various ways in order to prepares it for the particular 
purposes for which it is to Iks u^d. • The nature and qxtent of this 
treatment do|)ends largely on the original materials and the use 
which is to Iks made of the s^nd. 

The various treatments which may be necessary—one or more 
of them being used as required—may be summarised as follows ; 

1. Crushing and grinding. 

2. Purification. 

3. Drying. 

4. Screening. 

All these trcatnissiits are seldom ni cessary for any one material, 
nor need they Iks (sarried out in the order shown above. Thus, 
whilst crushing or grinding is generally necessary for materials 
which occur in large piecses, l(»se, incoherent sands do not, of 
course, require ‘this treatment. Only certain sands require to 
purified ; most sands are used for such pur)>oses that they are 
quite satisfactory without any purification. Again, only those 
sands which have been dredged or recovered from below water, or 
those which have been washed, will require to be dried, and for 
many of these no special drying process is needed so long as the 
surplus water is allowed to drain away. Screening is necessary in 
the case of most sands and is seldom omitted. 

Cbushino 

Where a sand is to be obtained from large pieces of quartzite, 
sandstone, ganister or silica rock, it is necessary to crush the 
material in order to reduce it to the requisite fineness. This reduc¬ 
tion of rock is usually divided into two types of operation: (a) 
crushing the material to pieces J-l in. in diameter, and (6) grinding 
the crashed pieces to the desired size. This subdivision is rendered 
necessary by the fact that most fine-grinding mills would be rapidly 
damaged if fed with coarse material, and apart from this, the 
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output would ke low an(^ the grinding costly. By effecting the 
grinding in two stages a maximum outpi^ witli a minimum amount 
of wear and tear is obtained* , 

The coarse crushing of ma.ssive sandsto’ cs and silica rocks is 
difficult and costly on account of their gTi^at hardness, which causes 
wear and tear on the machines, and ifrccssitatos the use very 
strdng and durable crushers and the ex(H>ndit\irc of a e(' *slderablfi 
amount of power, .set that^both skill and ingenuity an' ^ ' j^uired to 
crush such rocks to a suitable size as economicallysHFpussible. 

Soft and»portially decomposed sandstones may be of all degrees 
of hardness lc.ss than that of the grains of (juartz of which they are 
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composed ; such .sandstones an- reduml much more easily than the 
harder quartzites and at a smaller eo.st. so that they present less 
difficulty. 

The principal machines used for crushing sand rocks are stone- 
breakers, gyratory crushers, and disintegrators. ’Stamps were 
formerly iised, and are still employed in some localities for brittle 
rocks; though their action is that of grinding rather than crushing, 
because it has been found that they seldom w'ork ecbnoraically on 
pieces larger than 4-in. diameter, they are now more largely used 
to produce a moderately fine powder than as preliminary crushers. 
For this reason, they are described in the section on Grinding. 

Stone-breakers or Jaw-crushers consist essentially of tqro jaws 
composed of hard steel, one fixed and the other movable. A 
typical jaw-crusher is shown in Fig. 62. By means of two powerful 
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ijTwheels, one on either side of the machine, connected bw 

paring to the movable jai|, the latter may be made to appn^ 2 j.y 
» recede from the fijsed jaw, thus crushing any lumps of 
)laced between them.k On account of the excessive wear aA^^g^l 
in the jaw-plates in tim oitiinary crusher, these latter are so'^ 
hat can bo removedVvhen worn and replaced by new Vj^je 
ts the ro^r ends of the jaws have the greater part of the wor^yeg. 
Jo they r*'c much more quickly than tlfe upper parts, so that -t ;t;ot 
jaw-plates sKb^ld be made so as to be readily taken out aL\e| 
reversed. The jaw-faces and check-plates arc of chilled cast ironU 
or preferably of manganese steel backed with a white alloy. The ' 
toggles and cushions should be of hardened steel, as they are called 
upon to resist heavy stresses. 

Numerous attempts have been made to design a jaw-crusher 
without toggles, but for really hard work, and the consequent 
severe strains on the machine, t^ose crushers in which toggles are 
enjbodied have more than held their Wn. In one type of machine 
the swinging jaw has arms at the back supporting a roller against 
which bears a removable cam.secured to the driving shaft. 

It has been found that by making the face of the movable jaw 
a segment of a circle instead of flat, a finer product is obtained 
because the material is subjected to a squeezing or rolling action in 
addition to the simple crushing. 

It is often an advantage to have two sets of ribs on the faces'of 
the jaws ; one .set of riba projects out fprthcr than the others near 
the top of the jaws, and so applies the pressure earlier than when 
all the ribs are of the same size throu^iout. The result is crushed 
stone of more uniform size. Stone-crushers having this arrange- 
menj> are sometimes known as granulators. In some crushers the 
movable jaw is ^ven a joggling eas well as a to-and-fro motion; 
this draws the material more effectively between the jaws and 
reduces the slipping to a minimum. In one very simple design 
of jaw-crusher the power is transmitted from the crank-shaft to 
the oscillating jaw thrtiugh a lever and through a roller mounted 
between the lever and the jaw. The jaw has a concave face at the 
back upon which the roller moves without any need of lubrication. 
It is claimed that this method of driving has a greater efficiency 
and requires less driving power than the ordinary jaw-crusher, 
whilst the wear is reduced to a minimum on account of the smaller 
number of bearings and the smaller pressure upon each. 

Some American users prefer to have one swinging jaw and one 
toothed roll in their crushers, and maintain that this arrangement is 
cheaper in pdwer. The author has never been able to make an 
accurate comparison of the merits of these two types. 

The size of the stone-breakers varies greatly according to the 
output required. Hadftelds, Ltd., of She&ld have built machines 
witn openings up to 4 ft. 6 in. long and 3 ft. wide, which will take 
pieces of stone'weighing as much as Ijj tons and produce about ISO 
tons of crushed stone per hour, but for most quarries a crusher 
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which will deal With pieces about 12 in. x 12 in. x 12 in. is sufficiently 
larw. No crashers are remunerative uhiess kept fully employed, 
and the. number of works which can teep.a very large crusher 
continually in. use is very small. • I 

The power required by jaw-crushers Js shown in Table LXVIII. 


Table LXVin.— 1>c, 

__*_ 

Upper Upenini! between Jaw^ 

(i|i inehea). 


Output (in cubic feet) 
Horsei'power retiuirctl 


Stone-breakers with cam and roller action require rather less 
power than the ordinary ty))eVorthc same size of machine. 

It is most important that a sufficient provision should be made 
in the power supplied, in order to 9 II 0 W for the great strains to 
which the machines arc subjected when large pic(^>a of material MO 
fed into the crushers. The figures given almve are more than is 
required for ordinary working, but less power should not he pro¬ 
vided, otherwise a man may have to be employed for crushing large 
pieces of stone, so as not to damage the machin(!. Too little power 
may also cause a sudden Jjreakdovftr which would be much more 
expensive in the long run than the provision of greater power for 
driving the machine. » 

The jaV usually moves from J-I in. and the flywheel usually 
makes 250-.100 revs, per min., the. number of oscillations of the 
movable jaw being from 2.50-3(11) jxw min. An excessively high 
speed is undesirable owing to the bearings of the breaker becoming 
too hot and causing a great deal of wear and tear. Some of the 
small Sturtevant stone-breakers (8 in. x 12 in.) are run at speedi 
varying from 170 revs, per min., whilst the larger breaken 
(18 in. X 30 in.) run at 130 revs. i«‘r min. 

The size of the crushed material delivered by a jaw-crushei 
depends on the space between the lower ends of the jaws; thii 
may usually be varied lietween fairly wide limits. It is importan 
to adjust the lower opening lx!tw(!en the jaws so as to suit th 
material; if the jaws are set too closely together they will produc 
too much powder and will waste a large amount of power. Th 
ieces of crushed stone usually vary from about 0 in. diamete 
own to about J in. diameter.' For crushing below ^ in. diametei 
stone-breakers and other coarse crushers are not economical 0 
account of the power required. It is preferable, where fine materii 
is requhed, to crush down to about 1J in. in a coarse crusher, sue 
as a stone-breaker, and then to reduce the material further in 
fine grinding machine. It is also important to avoid cnishmg larg 
pieces of stone tod much in one machine, as much less power 
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used if the largest pieces are reduced to a medium tee (3-4 in.) in 
one crusher, and then to\n smaller size in a second jaw-crusW. 
Thus, blocks 18 in. on more in diainettr may be reduced to about 
10 in. in the first crushir ; the.sc smaller blocks may then be reduced 
to 4J in. in a second crtfche\ the protluct from which is then reduced 
to saj^Hn. material in a third crusher. ^ * 

A coHlUcrable saving in the amount of power required may also 
be effcctJyjy passing tW stones over a teee* or grid before they 
enter the cruSH^; this siiparates the smaller pieces which do not 
need crushing, or by using two screens the pieces two large for the 
medium crusher may also be separated and either broken by a 
sledge hammer or sent to a larger crusher. 

The output of jaw-crushers is a little less p»!r horse-power than 
the output of gyratory crushers, when the size and hardness of the 
material are equal in both cases and they are rrtluccd to the same 
degree. , 

Gyratory Crushers have crushing'surfaces in the form of two 
cones, one inside the other, the outer one being inverted. The 
stone to be crushed is dropped iKstwccn the two cones whilst the 
inner cone is rotated rapidly with a slight eccentric motion. The 
rock is crushed between the two cones, the crushed material falling 
through the annular space between them, on to a chute which 
brings it to an outlet at one side of the machine. 

Rg. 63 shows a gyratory crusher made by Hadfields, Ltd.; the 
lower portion, base plate and oblique diaphragm aiT made of cast 
iron and the up{)er portion of cast steel; the cones ar<^ faced with 
manganese steol. 'The inner cone is mounted on a hollow shaft 
which gyrates in an anti-friction metal bearing, the upward thrust 
being carried by a bronze ball at the top of the shaft. The eccentric 
motion of the inner cone is produced by means of a crown and 
pinion gearing aiid an eccentric bearing. Small adjustments in 
the size of the product are made by raising or lowering the inner 
cone by means of a worm and worm wheel, thus varying the size 
of the opening between "the inner and the outer cones, but it is best 
to have the machine designed for a definite product and to confine 
the adjustments to making good any variations in the .size, due to 
wear and tear. Duplicate parts should always be kept in stock. 

In a gyratory crusher the greatest strength is required in the 
main shaft carrying the inner cone ; this shrft should be of ample 
diameter and not too long. 

The output of a gyratory crusher depends on its size, the size 
of the pieces put into it, the size of the finished product, and the 
nature of the "material. As a rule, about 1 ton of 8-in. material 
may be made to pass through a ring 2| in. diameter for each 1 h.p. 
used in driving the machine. Machines with outputs of 200 tons 
per hour can be run even more economically, only about J h.p. 
being rqquired per ton of product. This is rather greater than the 
output of a jaw-crusher. Very large machines are, however, un¬ 
desirable ; where a large output is required, it is preferable to 
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employ a i^umlf'r of macfiines each cniahiug about 5(1 tons jier 
hour, rather than one large one, so that if '%ne machine bivaks down, 
the whole plant is not held up, fhereby. * 

It is most important to the ecjuiomical w(jiking of the machine 
that the lubrication should b<‘ satisfactow. Automatic lubrication 
is preferable, and is much moiv reliable wan trusting to the men in 
charec to supply,the lubrication at suitabli- intervals. 
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Fio. 63.—Gyratory cru»her. 

* 

From its app«!arancc, a gyratory crusher might b«‘ thought to 
be a grinding machine, but this is not the case. The to-and-fro 
motion of the disc exerts a true crushing aedion ; the pnaluct from 
the machine is largely cubical and free from flat pieces. 

Gyratory crushers, like jaw-crushers, are preliminary breakers 
and are not suitable for reducing stone to powder or even to " peas.” 
The largest crushers should not be expected to produce pieces less 
than 4 in. diameter, although there will always be a small ^rtion 
(up to 15 per cent) legs than this size. The smaller crushers will 
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satisfactorily reduce rocks to pieces J irf. in diameter with about 2( 
per cent of material below the size. 

Gyratory crushers havi many advantages, but they are subject 
to the following draw|)acks : , 

(1) The working p*.rtH»of a gyratory crusher are not so readily 
acces^le as those of JaVcrushers, as they are enclosed in the 
casing*! the crusher, whereas a jaw-crusher is quite open. ( For 
this re^jj^ repairs are less easily effected jn the gyratory type, 
the machinoS»a^ng to be taken to pieces each time a repair is made. 

(2) Renewals and repairs to gyratory crushers are more expnsive 
than to jaw-crushers on account of the greater "cost and more 
intricate shape of the wearing parts. 

Disintegrators are of three types : 

(i.) Those which consist of a rotary shaft fitted with a series 
of fixed or loose hammers in a strong casing,, and, by delivering 
a rapid succession of blows on to the material (which rests on a 
curved grating), disintegrate it "inta small pieces which fall to the 
bottom of the casing and may be collected through a discharge 
opening in the base. 

(ii.) Those which consist of two “ cages,” one or both of which 
revolve and so effect a disintegration of the material. 

(iii.) Those which consist of boaters revolving in one directipn 
surrounded by a cage which revolves in the opjiosite direction. 

Bar disintegrators crush the material by the centrifugal force 
applied by rapidly rotating bars which are fitted to a shaft having 
a speed up to 3000 revs, per min. These machines may bo used 
for a long time without need of repfiir, as they are very simply 
and strongly made. ^Tho beaters should be easily replaced if broken, 
otherwise the cost of repairs may be serious. They should be 
loosely attached to the axle so as to stand straight out by centrifugal 
action in the ordinary course oi grinding, but to fall back when 
a particularly hard piece is encountered, as, otherwise, the machine 
may be damaged. This method is employed in the Mansfield 
Disintegrator (Fig. 64) made by F. Mansfield & Co., Liverpool, 
and in a similar machine made by the Sturtevant Engineering 
Co., Ltd. Both these machines are capable of crushing down to 
10 mesh, and require about 6-10 horse-power per ton of material 
reduced to this size per hour. The hammers rotate at 1000-1500 
revs, per min. 

Usually the hammer bars are quite straight and tangential 
to the axis of rotation, but in the “ Rapp Revivifier ” disintegrator 
(Figs. 66 and 66) made by the Link-Belt Co., Chicago, Ill., U.S.A., 
the bars are> fixed at an angle (like the blades in a pug-mill) so as 
to throw the material from each side to the centre of the machine 
where a curtain of rmmd bars is placed. The purpose of this 
arrangement is to increase the mixing power of the machine and 
produce as homogeneous a mixture as possible. As a further 
preoa^ion and to prevent the clogging of the bars, the casing and 
suspended rods are mechanically jolted ten times per minute by 
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means of a cam Which raises the casing and then allows it to drop 
on to a wooden buffer. This machine ia particularly suitable for 



F. ^faHKMll «{• huerpwil. 
Fill. M.—Disintogratiir 


treating old moulding sand and also as a combined mixer and 
crusher. ^ * 

In the Lightning Crusher made by the Lightning Crusher and 
Pulveriser Co., Ltd., 14a Rosebery Avenue, Ixindon, E.C.l, the 
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IAhI‘ Belt Co., Chiean, V.S.A» 
Fio. 6S.—Rapp revivifier. 


rotating shaft carries two discs to the mriphery of which are attached 
four goal-shaped hammer bars. The makers claim that this 
.'aftangement renders clogging almost impossible, and that foreign 
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material, such as iron bolts, etc., accidentally intifiduced with thi 
feed has no injurious effect. 

A bar disintegra^r will crush thfee times as much stone as i 



Link Iklt Co., Chioogo, U.S.A. 

Kmj. fiO.- Rapp rovivifior. 

jaw-crushcr of equal size, qnd yet will require rather less thai 
1 h.p. per ton of crushed material. 



< BitkU EnQvMtring Co., TAd., PlymovOi. 

Fio. 67.—Cage diaii^iegrator. 

Sage DisitUegrtUors consist of two or more concentric cage 
(Fig. 67) constructed of steel bars arranged to form slotted dninu 
The first and third of these cages rotate in one direction and tb 
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Hecond and fourth in the ()i>pt>site direction. The material is fed 
through a hopper into the centre of th(' innewiiost cage, and as 
the cages revolve the pieces nf stone are struck by the l)arB of tlie 
cages and are broken ; they then pass l)etween the bai’s into tlie 
next cage, which revolves in the opiKJsife c'.Ireetion, and the bars 
in'this strike the fragments with douWe force '; this openrtfon is 
repealed by the .bars of the remaining cages. The s|K'e(l Jt revolu¬ 
tion is very high (so'retinihs as much as revs. is'S'lfffti.), and 
in order to avoid harmful vibration tlw' maehin? imist lx> kept 
well balanceet. , 

A combined bar and cage disintegrator eonsi.sts of an outer 
revolving cage type, with beaters or hammer bars inside to secure 





c. 1C. V. lUill, Kh'ffuU. 

I'td. (i8. - -liar and tliHintcgrator. 

the rapid disintegration of the rock. This ty|X! of machine (Fig. 08) 
is made by C. E. V. Hall, iSheffield. 

Disintegrators work moat .satisfactorily when supplied with 
pieces 3 in. or less diameter. They will crush economically to 
pieces fV in. diameter, but below tliis size they are wasteful in 
power ; for further reduction a tine grinding machine is therefore 
necessary, unless the material to Ix' crushed is of such a nature 
that it falls to powder on heating ; some sandstones, are of this 
nature and, after calcination, can be rapidly and cheaply reduced 
to TOwder in a disintegrator. • 

Disintegrators are also useful for crushing damp materials 
which would be “ sticky ’’ and troublesome in other types of 
crusher. They sometimes effect a partial drying of the material, 
as the rapidly rotating mechanism draws a large volume of air 
through the machine, after the manner of a ventilating fan. 
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As all disintegrators produce a mat volume *of dust, owing 
to the rapid motion of tlia air passed through them, it is usually 
necessary to discharge the product "iKto' a chamber, one wall (or 
the roof) of which is”made of canvas or similar material, through 
which the air, but notHhe'mund material, can pass. This canvas 
will require beating at imervals to remove the adherent dust, 
and it ^ould be at some distance from the discharge outlet of the 
machineT'or Jhe force with which the* material is delivered will 
rapidly cut it t()*pieces. 

Crushing Rolls (Fig. 69) are sometimes employed aS preliminary 



J. Whmead t Co., Ud., PmUm 

Fio. 60.—Crushing rolls. 

crushers for reducing rock to small pieces which can afterwards 
be conveniently dewt with in other grinding machines; These 
rolls consist‘essentially of a pair of strong cylinders or rollers, 
wUch are placed side by side, so that when the material is fed on 
to them the rotation of the rolls forces the material down^l’ards 
and reduces it to a size comparable to the distance between them. 
The rolls arq usually driven by a simple gearing through a belt 
or clutch, but fast-running roUs are sometimes driven direct by 
two belts, each on a mparate pulley, attached to each roll. 

Csoshing rolls must be very strongly built, in order to witih- 
stand the sudden strains to wMch they are often subjected in use. 
^ey should therefor; be mounted in such a manner as to 
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stand very sudcien and severe shocks, and should be provided with 
safety clutches or some other device t(i prevent accident in case 
a bolt or other article of exceptional hardness.enters the machine. 

Powerful springs, which are •compresse<l Vhen an abnormally 
hard piece of material enters betweei^’the rolls, are sometimes 
used, but are not really satisfactory,’as they usually yitdd too 
readily and produce too coarse a product. They are k^tter replaced 
by safety clutches fitted d'ith a pin which breaks whcn‘« danger 
point is reached. Rubber buffers have ken ustsd to take up the 
strains, but they are unsatisfactory and should not k employed. 

The shafts carrying the rolls are also subjected to very great 
stresses and should k made of the kst quality axle su'd. They 
should k of ample diameter, so as to ki sufficiently strong, and they 
should k properly balanced, or accidents may occur when they 
are driven at high "speeds. It is also neces.sary that they should 
k mounted in long karings lined with phosphor-bronze bushes, 
as white metal wears too quickly in this class of machine unless 
it has a very large proportion of tin present. 

The karings should k kept in good condition, or the distance 
ktween the rolls may vary as they revolve, thus giving a pro<luct 
of irregular size. 

The flywheel should k of large size ; small ones are inefficient 
on account of their irregular working when large or hard pieces 
of material are supplied to the mill. , 

All parts of the machinc«must k projx^rly lubricated, otherwise 
a great waste of power may occur and the karings may require 
freement renewal. ' • , 

The sp^d of crushing rolls varies considerably. Toothed rolls 
may k driven at 200-250 ft. per min. (equivalent to 48-60 revs, 
per min. with 16-in. rolls), but smooth rolls are sqmetimes driven 
at 2^-3 times this speed, speeds up to 1000 ft. per min. king used. 
A good method of estimating the most suitable speed at which 
the crushing rolls should k driven is by the use of the following 
formula; ’ 

S = 1000 - 300 log 

tnhere 8 represents the peripheral speed of the rolls in ft. per min., 
whilst d is the diameter of the pieces fed on to the rolls in inches. 

In some cases the two rolls in a pair arc drived at different 
spee^. This increases the crushing jmwer and reduces the amount 
01 slip. The difference in speed should not k excessive, or trouble 
will be caused by the rolls “ bumping ” and working irregularly. 
For low speeds one of the rolls may k driven by means of a kit 
and pulley, whilst the other is driven from the fast roll by means 
of oog-wheeb. For high speeds, however, this is impossible, and 
the rolls must k driven separately by means of kits, as geared 
rolls cannot k driven at very high speeds without their efficiency 
being much lower than when they are driven separately. 
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The output of crushing rolls depenas on mini- sixc »nu suatie, the 
size of the material supplied to the rolls, and the size to which the 
material is to be crphed. If the T^ace between the rolls were 
continuously filled with cnished* material, the output would bo 
AS eu. ft. jxir min., btit this condition is never fulfilled a more 
correct formula is * 

... Output in cu. ft. per min. =AS (0^6/ -(J-lo), 

where A is fho area of the opening in square feet, 

S is the speed of th(i rolls in feet per mimit?, 

, Space between rolls (in inches) 

'' Diameter of particles fed on to rolls (in inches)’ 

The power required for crushing rolls is rather great, about 
3 h.p. being required for a pair of rolls 12 in. diameter and 10 in. 
wide. Rolls 21 in. in diametflr rgquiro 9-12 h.p., whilst those 
32 in. in diameter require about 15-18 h.p. to drive them. 

Table LXIX. shows the output and power required for rolls 
crushing to grains about i inT in diameter. 


Table LXtX. -Data cor Ckijshino Rolls 


Dlumctor. 

U'UKth. 

Ktfvolutions per 
Minntr. 

• 

Uorer-pfiwcr 

miulrcd. 

(‘wtx. rruttlictl 

1 inT Hour. 

In. 

In. 




lot 

i<U 

KiO • 

3 

25 

121 

101 

no 

H 

46 

10 

10} 

00 

H 

05 

21 

10} 

75 

9} 

100 

27 

■ 11 

•'45 

12} 

145 

37 

12 

45 

10 

200 


Crushing rolls art- particularly useful for producing cubical 
pieces 2-i in. in diameter. With soft materials they tend to give 
flaky pieces, but hard rocks and sands break into angular fragments. 
Rolls should not, as a rule, be used for finer crushing, as they are 
then wasteful in power, though, apart from this, they may be 
employed for reducing stone to a coarse powder. 

On accourtt of the great wear and tear on the surface of the rolls, 
it is necessary that they should be made of a very hard metal 
such as chilled iron or manganese steel. In most cases a rim of 
such material is fitted to a core of softer metal, so that, when worn, 
the rim may lie renewed without the expense of obtaining an 
entirely new roll. In some crushing rolls supplied by Sutcliffe, 
Speakman k Co., Ltd., the rim is composed of several rings about 
4 in.ewide. As the centre of the rolls wears fastest, by using 
several rings instead of a single rim the worn part in the centre 
may be replaced by changing the position of the rings, so that 
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greater durabilfcy is obtained and the wear ia kept uniform over 
the whole length of the roils. ^ 

The uniformity of the sioiaoe of the rolls is sj)eeially important 
where the grinding is fine, as when the rolls iVe not pro|X'rly cart(d 
for the size of the product is very irregular. 

• The rolls may be dressed, when requiVed, by means of a g|'inding 
wheel. A special attachment should imderably Im^ \ised, so that 
the rotating grinding; wiftel may Ix' moved steadily across the 
surface of the roll without having to remove it f(om its Ixmrings. 
This may bo dijne by using a long .screw carrying the frame which 
supports the grinding wheel, the transverse movement of the latter 
being accomplished by slowly tinning the screw eithi-r by hand 
or by power. Fine emery or corundum wheels may Ix' used with 
very satisfactory iTsults. 

When dressing »a roll, it is rotated slowly and the grinding 
wheel is started at one end and is set so as to remove a thin “ skin ” 
at first. As the wheel reachi-s the centre of the roll it will not 
grind, as the wheel is too hollow at that part, but it recommences 
grinding as soon as it has pas,sed acroijs the hollow. After reaching 
the other end of the roll the reversing of the screw enables the 
grinding wiieel to remove a further quantity from the roll. This 
is continued until all the hollows and depressions have been removed 
and a true cylinder is prwluced. 

Edge-runner mills or pan mills consist of rolls of very large 
diameter but small widtl^ of crushing face, w'hich crush the 
material contained on a pan or bed below the rolls. One roll or 
runner is sometimes used, bwt the machine is better balanced and 
a larger odtput is obtained if two rolls are Smployed. The hori¬ 
zontal shaft carrying the rolls on the shaft may b<‘ fixed and the pan 
or bed revolved, or the bed may be fixed and the rolls revolved. 
The latter (chaser mills) are the stronger and are' largely used for 
crushing lumps of rock and reducing them to powder ; mills with 
revolving pans are more economical in power and prfxluce a better 
and more uniform powder if siqiplied with pieces of stone not 
exceeding 2-3 in. diameter. 

Pan mills of this type are particularly useful for grinding moist 
materials, and as they have a very jxiwerful mixing action they are 
extensively iwed in the sand-working industries. As they are 
chiefly used for fine grinding, they are more fully descrilxid later. 

Pneauttons in Crushing.—Whichever form of machine is 
employed for the preliminary crushing, it should be sufficient^ 
large to crush the largest pieces likely to be delivered to it. If 
many pieces have to be broken by hand the value of the machine 
is correspondingly reduced, yet many firnrs make tiie mistake of 
using too small a crusher for their purpose. Within reasonable 
limits, it is far cheaper to have an excessively large machine working 
well below its capacity but taking all the material fed into jt than 
to have a smaller one working at full capacity but requiring 10 per 
cent of the material to be broken by hand because it is too large 
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to enter the machine. On the other hand, as theilarger machines 
require much more powej, it is not economicai to use a machine 
which will deal with pieces far largea than are likely to be supplied 
to it. If the pieces too large to be crushed by the machine do not 
exceed 3 or 4 per cenf»of the whole output, it is usually cheaper to 
crush them by hand, or eVen to reject them, than to um a very 
large crusher. This is a matter which depends so much on focal 
conditions that no general rules are of nftich yalue. 

It is also waateful to overload a crusher, as this causes clogging 
and results in loss of time and a low output. It ^ould therefore 
be avoided as much as possible by the use of a sufficiently lairge 
machine. Overloading may often be avoided by the use of a screen 
or grid which separates all the material which is of the size of the 
crushed product and so does not need to go through the crusher. 
A Buitabw automatic feeding device is also invaluable, in some 
cases, for preventing overloading. 

In order to avoid an excessive antount of dust from the crushers, 
it is advisable to employ chutes to deliver the raw material gradu¬ 
ally into the crusher. These chutes may be perforated so as to 
act as screens and separate the small material, which can then by¬ 
pass the crusher. 

If the dust from the crusher is very objectionable, it may be 
diminished by means of a series of tine water sprays or steam jets, 
which will damp the material slightly ; an excess of water should, 
however, be avoided. ' , 

In the preliminary crushing the rock should be reduced to about 
the size of walnuts (t.e. J-1 in. diameter), as pieces about this size 
may be dealt with safisfactorily in almost any kind of ffine grinding 
mill without serious loss of power, whereas the same mill when 
supplied with pieces 2 in. or more in diameter may easily require 
26-60 per cent more power. It is not, however, economical to 
reduce the whole of the rook to powder in the crushers, as the 
amount of power required would be excessive. The number of 
crushers and their sizes which will give the best results will depend 
on the size of the stones and on their nature, as hard stones will 
require more omshing and will therefore result in a lower output 
per machine than can be obtained with softer stone. In the sand¬ 
working and allied industries it is seldom economical to use a 
crusher which will accommodate pieces larger than 14 in. in their 
longest dimension, as such pieces usually form only a small propor¬ 
tion of the whole material and are preferably broken by hammers ; 
where they are sufficiently numerous, however, lai^r crushers may 
be needed to'deal with them. For economical crushing it is usually 
advisable to reduce from the largest size which the crusher ■mil 
take down to about 4-in. cube in the first, from this size to 2-m. 
cube in the second crusher, and from 2 in. to | in. in the third 
crushef. Where only two crushers are employed, it is possible to 
reduce pieces 4-in. cube to about J-1 in. at one operation, «thoimh 
when the output is sufficiently large to employ two crushers and a 
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screen to do tie same work, the latter arrangement will bo the 
more economical. • ■ ^ , 

It is. preferable to have wthe coarse crushing machines driven 
separately from the other machines. It is itlso very desirable to 
keep duplicate parts of the various fittings^ as minor repairs are 
frequently need^. •’ • 

One of the chief difficulties in the crushing of siliceous materials 
is the introduction of irtin into the product. This cannot be 
entirely avoided, though by using special steel (swh im manganese 
steel) for tl» grinding surfaces the amount of iron in the fine 
product may be reduced to a minimum. This is specially necessary 
in the case of sands used for glass-nmking, where a product con¬ 
taining less than 0-05 per cent of iron as ferric oxide is very desir¬ 
able. The greater part of the metallic, iron intnnluced in the 
process of crushing) and grinding may bo removed by a magnetic 
separator, unless it has become oxidised, when it is no longer 
attracted-by, a magnet. • 

The position of the crushers relative to the fine grinding plant 
is important. They should bo so situated that the crushed material 
is delivered into a bin or on to a platform which acts as a temporary 
store from which an automatic feeding device may be arranged to 
supply the fine mill, or from which the crushed material may be 
shovelled into the fine mill as required. 

Feeding Primary Crushers.—^The output of a crusher is largely 
influenced by the manner ii^ which if is supplied with material. In 
order that the supply may bo as regular as jrossible, a charging 
platform or hopper is usually essential. Where the material is 
brought iif wagons, it should be large enou|^h to aecommodate a 
reasonable number of wagons loaded with sand or rock, as well as 
the empty ones which accumulate before they can be conveniently 
taken away. A small charging platform is a cohtinual source of 
annoyance and risk, and it ought to be enlarged as soon as possible. 
The platform should be sufficiently above the crushers to enable 
the latter to be fed easily, and yet it should not be so high as to be 
inconvenient. The most suitable height for the platform is a few 
inches above the hopper of a gyratory crusher or the mouth of a 

i 'aw-crusher, so that the stones can slide into the machine down a 
lopper or chute. When a mixture of stones and sand is delivered 
to the crushers by means of a conveyor, a charging platform is less 
needed, provided the crusher has a sufficiently large hopper. In 
such a case the advantages derived from screening the materud 
so that only the coarse powder goes to the crusher are so obvioiu 
that it is remarkable that so few firms use a scteen for this 
purpose. , 

Automatic feeders for preliminary crushers must be of very 
solid construction on account of the large pieces of material delivered 
to them. Rotary base feeders, conveyor belts, belt elevatojs, etc., 
described later for feeding fine grinding machines, may V® qdapted 
to feed preliminary crushers, but the wear and tear is very great. 
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For many purjKiBes tho most useful method of feeding crushers so 
as to secure a regylar feed and not to put in any material which 
need not be crushed consists of an iaclined grid or grizzly with a 



reciprocating motion (Fig. 70). Tho material i.s tipped on to this, 
the small pieces passing through whilst the larger ones pass along 
and are diseharged into the crusher in a steady stream. Another 
method consists of a conveyor ladt coitjiosed of link-bars (Fig. 71) 
with convenient spaces between them. This belt allows the small 
material to pass thaough, but carries the larger sto.jies to the 



Sandyfrofi, JM., nr. Chfitir. 
Fio. 71.—Ross belt feeder. 


crusher. Being much longer, it has a much greater screening effect 
than a grid, but it requires cleaning frequently or the wear and 
tear op it will be very great. Fig. 72 shows a modification of 
this type of feeder in which a rotating cage is used instead of a 
link-belt. 
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A fourth feeding device (Fig. 73) consiste of a miinixT of diacs 
mounted on a shaft so os to form a sort of rol||L‘r su])porU‘(l in an 



Siiiiilucroft, hill., ur. ('henii'r. 
Fm. 72.—Hobs feeder. 


opening in the chute supplying the crushers. As the material falls 
down the chute, the large particles^ pass over tlu' rotating discs, 



whilst the smaller ones fall between them and downwards into a 
suitable receiver. * 

Grijidino 

The term “ grinding ” is used rather loosely, but is convAiiently 
employed to mean the reduction of a material to powder as distin^ 
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from “ crushing,” which is the process of reducing large lumps to 
smaller pieces. Mpst material in pieces larger than J in. would be 
“ crushed,” and material consisting, of particles less than 
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diameter would be termed “ Mound,” 
but between these two sizes there is a 
considerable laxity in the use of ttie 
terms crushing and grinding. If is, 
however, more convenient to make the 
distinction between crushing and grind¬ 
ing one of process rathfr tiian product, 
so that the products from jaw- and 
gyratory-crushers, stamps alid rolls, 
are regarded as having been “ crushed,” 
whilst the smaller - sized pieces and 
powders from other machines are re¬ 
garded as having been “ ground.” In 
some esses, however, coarse crushing 
machines are used for fine grinding ; 
thus, “ bar ” disintegrators may be 
used for crushing down to 25-50 mesh, 
and though they are not economical 
for producing fine powders, yet in 
grinding to a coarse mesh a consider¬ 
able proportion of finer material will 
bd produced. The final reduction of 
a siliceous material to the required 
size may tbe effected by either of two 
methods, namely, “ dry grinding and 
“ wet grinding.” The dry grinding 
method has the advantage of enabling 
the material to be passed over screens 
and separated into different sizes with 
greater ease than is the case with wet 
sand, which is more coherent than that 
in the dry state. 

Dry Orindlng may be effected by 
the use of stamps, ball mills, tube 
mills, pendulum mills, or edge-runner 
mills. 

Stamps (Fi^. 74) have been used for 
a very long time in reducing metal¬ 
liferous sands to -a finer state. One 
of the oldest types of stamps is the 
Cornish, which consists of a series of 
heavy weights which are lifted up by 


Fio. 74.—scamp mill, 
means of a rotating shaft fitted with a number of cams, and 


then a|[owed to fail. 

The material escapes through a slit the height of which is adjnst- 
'able so as to vary the time imch the matenal remains under Gie 
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Btampe. The stamps weigh about 2000 lb. each and rise usually 
about 7-20 in.; the number of blows is usuedly 16-32 per min. 

The hneness of the prod;;Rt in dry ‘stamps* dejxtnds on their 
weight, the distance through whv.'h they fall? and the number of 
blows applied, t.e. on the time occupied in grmding. 

•In wetstamjra, a stream of water is pOssed through the stamper, 
and this detemiipes, to some extent, the fineness of the grinding. 

The stami* are cylindrical in shape and are constructed of cast 
steel or tough white iron. The stamp is fixed to % cast-iron head, 
which in tui 4 i<j fixed to a wrought-iron stem which carries a disc 
by means of which the cam on the driving shaft lifts the stamp and 
allows it to fall. 

The stamps are usually arranged in a series of five, and are made 
so that they drop one after the other, the liest order of dropping 
being 1, 4, 2, 5, 3,(Counting from left to right. Two seta of five 
stamps may be driven from one shaft, the engine being placed 
between the two. • * 

In the Californian type, tlie staiiijis are made to revolve so as tc 
ensure more even working. These stnpips may weigh up to 1200 lb 
and deliver about 80 blows per min. In a more recent stampci 
driven by pneumatic pressure, the stamps weigh 12.50 lb. each anc 
deliver 130 blows per min.; this stamp has an output of abou' 
20 tons of sand per 24 hours. 

On account of the weight of the stamps, the macliiiies mils 
be very strongly constructed. Thc’bottom is usually built on 
concrete foundation levelled off with a rich mixture (if sand ani 
cement; on this is placed sheet of rubber in. thick, then 
piece, of wood 6 in. thick, and on this is jdaeed the stamp boj 
which is made of cast iron with 1-in. drilled iron linings, the whol 
being bolted to the concrete fuumfation. 

The power of a stamp is 


wxsxlxn 
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ft.-lb. {K-r min., 


if w represents the weight of each stamp in lb., s represents tl 
number of stamps, I represents the distance of drop in ft., ar 
» equals the number of blows jx-r min. It is usual to multipi 
the result of this calculation by J so as to allow for friction ; tl 
result so obtained when divided by 33,000 gives the horse-pow' 
required to drive the stamps. Stamps give the beat results wh( 
fed with material less than 2 in. in diameter. 

Ball mills consist of a revolving cylinder, lined with special 
hard plates of steel, flint, or porcelain, and containing a numb 
of halls of iron, steel, porcelain, or flint, of various o^fully det* 
mined sizes. The material to be ground is put in the ovlindi 
which is then closed and the mill is rotated, the impact of toe ba 
upon the material reducing it gradually to the reqnir^ size. Mi 
of j^his kind may be either intermittent in action, in which ct 
must be stopped, emptied, recharged, and started again 
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intervals, or they may be made continuous by providing them with 
a suitable side-feec^hopper and connecting an air-seprator or screen 
to the ball mill, so that'the whole, iorms one finding unit, the 
• . coarse material from the separ- 

ator or screen being returned 
to the mill and re-ground. The 
ball mills of a, wholly enctbsed 
type whyh work intermittently 
are commonly known as Alsing 
cylinders (Fig,. ^S '); they are 
charged and run for a pre¬ 
arranged number of hours and 
are then discharged. Very fine 
powders can be obtained in 
this manner, but the process 
is expensive. 

■ The continuous type of ball 
mill is provided with perforated 
plates of specially tough metals 
arranged so as toform a stepped 
grid. On rotating the mill, the 
balls fall and roll from step to 
step, crushing the material which is fed during their course. When 
the material is sufficiently reduced, it passes through the perfora¬ 
tions lictwct'n the plates and f&lls into a hopjx^r below the revolving 
part of the null. In some ball mills, such as those made by Messrs. 
Edgar Allen k (!o.. Ltd., Sheffield <(Fig. 76), the fine material 
falls first on to a }>erfOrated steel plate, which separates V-he coarser 
grit, and then on to a wire gauze of finer mesh ; the powder which 
passes through the gauze falls put of the mill and is conveyed 
away ; the coarser material remaining in the mill is re-ground. 
The objection to ball mills with gauze is the wear and tear on the 
latter and the relatively small output of the mill. By removing 
all the material below, | in. diameter as soon as it is formed, and 
treating this outside the mill (as in an air-separator), all choking, 
of the mill is prevented and the output is ^atly increased. The 
tailings from the separator are automatically re-ground when they 
re-enter the mill. 

A continuous ball mill made by Hardinge (Fig. 77) consists 
of an nnsymmptrical double cone rotated by gearing and containing 
balls of varying diameter, from 5 in. to 2 in. or from IJ in. to f in., 
according to the hardness of the material and the size of the product. 
The shape of, the mill is such that the largest balls remain in the 
part of the mill which has the greatest diameter, whilst the others 
naduaiiv disfiibute themselves along the cone, in order of size, 
Qie smallest balls being found at the point of the cone. The part 
of the mill having the largest diameter W a much greater peripheral 
speed t!han the rest of the mill, so that the ^nding effect is roughly 
. jpxiportional to the size of the particles; tms effects a considerable 






«■ 
4 


Wm. BoulUm, LUL, /iumU’m. 
Fio. 76.-“Al8ing cylinder. 
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saving in power^whilst the Conical shaix^ of the mill, and the gradual 



f'lilijHr Allfn ,fr ru., /,W., S/ifffirlii. 

Kin, 71). -Ball mill. ’ 

reduction in the )ierij)herul »|K‘(h 1 as the ground particles puss 
along the mill, prevents 
.the waste of jiower caused 
by the “cushioning” 
which occurs in many 
other mills. 

The action of the mills 
is as follows: the stone, in 
small pieces not exceeding 

S in. in diameter,is intro- 
uced into the mill so that 
it falls to the part of the 
greatest diameter, where 
it is ground by the largest 
balls travelling at the 
highest speed and falling 
through the greatest 
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Fla. 77.—Hardiuge ball mill. 
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intervals, or they may bo made continuous by pro-viding them with 
a suitable side-feed^hopper and connecting an air-separator or screen 
to the ball mill, so that the whole, iorms one grinding unit, the 
•' coarse material from the separ¬ 

ator or screen being returned 
to the mill and re-ground. The 
ball mills of a. wholly enclbsed 
type whi^h work intermittently 
are commonly known as Alsing 
cylinders (Fig, 7S ); they are 
charged and run for a pre¬ 
arranged number of hours and 
are then discharged. Very fine 
powders can be obtained in 
this manner, but the process 
is expensive. 

The continuous type of ball 
mill is provided with perforated 
})late.s of s|X!cially tough metals 
arranged so as toform a stepped 
grid. On rotating the mill, the 
balls fall and roll from step to 
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H’m. HouHon, UJ., iiurglem. 
Fia, 76. -Alsing cylinder. 


step, crushing the material which is fed during their course. When 
the material is sufficiently reduced, it passi's through the perfora¬ 
tions betwcc'n the ])lates and falls into a hopper below the revolving 
part of the mill. In some ball mills, such as those mode by Messrs. 
Ldgar Allen & Co., Ltd., Sheffield /Fig. 76), the fine material 
falls first on to a jx;rfOrated steel plate, which separates itho coarser 
grit, and then on to a wire gauze of finer mesh ; the powder which 
passes through the gauze falls p>it of the mill and is conveyed 
away ; the coarser material remaining in the mill is re-ground. 
The objection to ball mills with gauze is the wear and tear on the 
latter and the relatively small output of the mill. By removing 
all the material below.^ in. diameter as soon as it is formed, and 
treating this outside the mill (as in an air-separator), all chokiilg. 
of the mill is prevented and the output is greatly increased. The 
tailings from the separator are automatically re-ground when they 
re-enter the mill. 

A continuous ball mill made by Hardinge (Fig. 77) consists 
of an unsymmetrical double cone rotated by gearing and containing 
balls of varying diameter, from 5 in. to 2 in. or from 1| in. to } in., 

„ according to the hardness of the material and the size of the product. 
The shape of. the mill is such that the largest balls remain in the 
part of the mill which has the greatest diameter, whilst the others 
sadually dis&ibute themselves along the cone, in order of size, 
the smallest balls being found at the point of the cone. The part 
of the mill having the largest diameter W a much greater peripheral 
speed fiian the rest of the mill, so that the grinding effect is roughly 
^proportional to the size of the particles; tms effects a considerable 
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saving in power.^^hilst the Monica* shaiw of the mill, and the gradual 
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reduction in the ))eriphcral 
along the mill, prevents 
*.the waste of power caused 
by the " cushioning 
which occurs in many 
other mills. 

The action of the mills 
is as follows: the stone, in 
small pieces not exceeding 
} in. in diameter, is intro¬ 
duced into the mill so that 
it falls to the part of the 
greatest diameter, where 
it is ground by the larg^t 
Imlls travelling at the 
highest speed and falling 
through the greatest 


siK-ed as the ground jiarticles pass 



Uardi*>(K ^^otuton. 


Fiu. 77 .—lUrdinge b»U mUL 
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distance. As the pieces are reduced in size tn^y move along 
the mill and come into contact with smaller balls travelling at 
smaller speeds, until eventually th^rmaterial reaches the point 
of the cone at the fafther end of the mill and is discharged, ^e 
advantages of the (l^ardinge mill-are its continuous operation, 
the high rate of grinding, aW the small amount of power required, 
which is due to the progressive and rapid removal .of the mateSial, 
so that no ener^ is wasted by the presence of,fine material amongst 
the coarser partides. Mills which are fed with |-in. or J-in. material 
may be used either wet or dry, and readily reducq ary sandstone 
sufficiently fine to enable a large proportion of it to pass through 
a 200-mesh sieve. 

An 8-ft. mill requires about 60 h.p. to reduce 6-10 tons of 
material per hour so that it will entirely pass a 48-me8h sieve, 
and 28-8 h.p. will reduce 1 -7 tons per hour t(' so fine a powder 
that it will pass through a 300-mesh sieve. 

The weight of the balls in proportion to the size of a ball mill 
is a very important factor in securing the maximum efficiency. 
Table LXX. shows the approximate weight of balls for mills of 
different sizes. 


Table LXX. —Sizes of Balls in Cylindkical Ball Mills 


Diameter of drum in inches . 

44 

56 

64 

80 

88 

106 

Width of drum in inches 

36 

38- 

45 

52 

58 

68 

. Weight of balls in cwt. . 

3-5 

6 

12 

24 

36 

50 


__ 




h 



The weight of the balls should be kept as constant as possible 
by cleaning and Weighing them about once a month and by making 
good any deficiency as often as is necessary. 

The size of the balls used depnds on the character of the 
material ground and oOf the product required. Hard materials 
and a coarse feed necessitate the use of larger balls, whilst for small# 
and soft material small balls are required, but in all cases sufficient' 
small balls should be used to fill the spaces between the larger 
ones. The Crossley Engineering Co. advise two hundred pebffies 
about 2 in. diameter in a 20-in. mill; and about forty pebbles 
of about in. diameter in a 10-in. mill, the charge for a 20-m. 

! mill being about 260 lb.; they also advise that the mills be filled 
1^ almost nine-tenths of their capacity. 

The powep required to drive ball mills of various sizes is shown 
in Table LXX|. 

Ball mills should be supplied with small pieces of material, 
preferably not more than { m. diameter, in older to secure the 
most rapid and economical grinding, but larger pieces are often 

8ttppll6Q* « 

It is important that the mill should not be oxiprloaded, as it 
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Tabik*LXXI.—Power required tor Ball Mills 


Length iii feet .... 

’• 1L> 

• 

10 . 

8 

3 

Diameter, in feet 

• 8 

. »• ’ 

% 

n 

3 

• 

Hol6e*power .... 

-- - ! - . - #_. 

12 

_ 

8 

4 

u 


too much ma^rial is supplied the time of grinding is dispro)>ortion- 
ately lengthenea. 

Ball mills are onlj' suitable for use where rounded grains of 
sand are satisfactory; they do not produce angular grains, and so 
should not be used for purposes where angular grains are required. 

Tube mills (Fig.,78) in many resjiects resemble ball mills, but 



K.lm Mini .(■ /,W„ KhrSkU. 

Ki(i. 78.—Tulic'mill. 

♦ * 


are longer and consequently much more suited for grinding largo 
quantities of material to so extremely line a powder that it is difficult 
to sieve it. It is found in practice that the uniformity of the 
product is so great that it is unnecessary to use sieves and no 
provision is mi^e in the machine by which they can Ixi used. In 
this respect a tube mill differs from a ball mill which delivers 
a product containing particles of various sizes. Like ball mills, 
tube mills also produce grains which are generally rounded in 
shape and not angular. 

^be mills are essentially “ fine grinders ” and work Ixsst when 
supplied with coarsely powdered material; for this reason, they 
are often used in conjunction with and in succession to ball mills. 

The cylinder is slightly inclined and rotated at about 25-30 revs. 
^ min. According to Davidson, the speed of rotation should be 

-g- revs, per min. where d is the internal diameter in inches. The 

coarse grit enters at one end through an automatic feed ; it gradually 
passes by gravitation to the outlet at the other end, being pulverised 

fm.. I 2 b 
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and reduced in its passage by the crfishing actv)n of the bails 
failing upon one another (^uring the rotation of the cylinder. Flint 
balls or pebbles—being a natural product, comparatively inexpensive 
and of extraordinary hardness—,are usually employed, but steel 
ones may te used M^h^re the presence of iron in the product is not 
objectionable. ■’ , . . , , 

When a tube mill is first started it is charged with pebbles 
or balls in prearranged proportions, but replacements are always 
made with thetlargest size, as the mill automatically produces 
the smaller pebbles in the course of its work. The weight of the 

balls or pebbles is usually about 
1^-2 times that of the material 
to be ground, or, according to 
Davidson, 4', of the capacity of 
the mill in cu'iic feet. 

The lining of the tube mill is 
composed either of cast-iron strips 
or of small specially prepared 
bricks of a nature somewhat re¬ 
sembling porcelain and laid in 
cement. The durability of a lining 
depends upon the character of the 
material to be ground, but a suit¬ 
able lining should, with ordinary 
care, last at least a year. In 
many ca.ses, linings serve eighteen 
to twenty-four months. 

The output of a tube mill de- 
])ends on the ultimate fineness to 
. which it is required to reduce the 
material ground in it, and also upon 
the size of the pieces fed into it. 
By reducing the rate of feed, it is 
possible to produce a material of 
almost any degree of fineness. 

The fact that the balls in a tube 
mill have an extraordinarily largo grinding surface makes it possible 
to run the mill at a slow speed, so that almost all the power 
required is actually used in the grinding process itself and is not 
wasted in maintaming a high speed of rotation. On the other 
hand, the great weight of the balls in relation to the material to be 
ground makes tube mills costly to drive as compared with ball mills 
and sieves. ■ In short, tube mills are expensive in first cost and 
in maintenance ; they are moderately, yet not highly, efficient, and 
their chief recommendation is the certainty that the material is 
properly ground and requires no sifting or other treatment. 

L^ilgh'Fuller mills are a type of ball mill in which the centri¬ 
fugal force of the balls is used instead of their, weight. Such a 
mul (Fig. 79) consists essentially of a fixed cylinder containing 





FuiUr A’turineerinff Cor-, London. 
Fia. 79.—I.ehigK-Fuller mill. 
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a hardened stee* ring or race against which the material to b<‘ ground 
is fed. In the race is a number of.Uardem*! steel balls which 
are driven round in the race lA* means of a rotiyy easting, resembling 
a heavy rimless w'heel w'ith a bidl lying looselv betwia'ii each jmir 
of apoke^j. Air currents caused by fan*i indlie upjxu- i)art of the 
machine lift up the smallest particles df material and throw’them 
agamst sieves through which the finest particles pass, the remainder 
falling back into the lace^o be ro-groiiml. The mill may Ix' very 
conveniently fed by means of a screw conveyor 

The Ixdil^'h miill is ea|X'Cially valuable for the jmxluction of an 
impalpable powder (about 85 ]x‘r cent jxissing through a 2(M)-me8h 
sieve), when the quantity required would not ju.stify the erection 
of a ball mill, but all 
centrifugal mills arc 
extravagant in peXver 
in comparison with ball 
and tube mills. 

Roll mills (Fig. SO) 
are also of the centri¬ 
fugal type, but in them 
the ring against which 
the material is com¬ 
pressed during the 
grinding is arranged 
vertically instead of 
horizontally as in the 
Ijchigh mill. In.side 
this ring art three rolls 
mounted on horizontal 
shafts : one of the rolls 
is positively driven; 
the other two rolls 
and the ring derive 
their motion by friction 
from the driven roll. The material to Ix^ ground enters the mill 
above one roller which acts chiefly as a feed roll, and the material 
is drawn by the revolving ring imdcr this roll and on to the other 
rolls which complete the pulverisation. The mill takes about 
26 h.p. to grind 1-3 tons of matc'rial [x-r hour (dr[M>nding on its 
hardneas), if supplied with pieces up to 1 in. dianiAi'r, and the 
product will leave a residue of 8 |K>r cent on a lOO-mesh sieve, 
^e same machine will proiluce 1 ton jxir hour of, a material 
leaving a residue of only 7 p<‘r cent on a 20()-mcsh sieve. 

Pendulum mills act in a similar manner to a mortar and pestle, 
though on a much larger scale. A typical mill of this kind is the 
Griffin mill (Fig. 81), in which the “ pstle ” consists of a shaft 
suspended vertically from a universal ball joint within the (lulley 
from which the machine is driven, a small crushing roll being 
attached to the lower extremity of this shaft. As the shaft revolves, 
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the roll at its lower end swings radially outwan! ^d grinds any 
material between it and a. ring or die which forms the mortar.” 
The pendulum shaft /s mounted on tfunnions which work in half 
boxes and slide up and down recesses in the pulley-head case, so 
that the crushing roll 'is frpc to swing in any direction within the 



Bradley PiUi'rrUing Co.^ Ud., London, 
Fio. 81.—Pendulum mill. 


casing. To the bottom of the roil is attached a series of ploughs or 
stirrers which violently stir the material in the .pan wmch forms 
the bottom of the mill and throw it between the crushing roll and 
^e. A fan attached to the shaft above the crushing roll keeps the 
groudd particles in motion and drives them against a circular sieve 
or screen above the die. Those particles which are line enough to 
pass through the sieve do so and are discharged from the machine 
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on to a conTe)(pr ; the insufficiently ground particles fall back into 
the pan at the bottom of the mill, read,’^ to be je-ground. 

Griffin mills are driven i'*150-200 revs, jier rain.,'at which speeds 
the makers claim that a pressure of (KWSfKX) lb. is exercised 
against the die. * ,, « 

• The '* Gus ” pendulum mill (Pig. 85), made by C. E. Vr Hall, 

C • 




C. B. r. ShfSUld. 

Fio. 82.-—** Gug ” mill. 

Sheffield, is of similar design t*o the Griffin mill an(> is capable of 
grinding J-in. pieces to an impalpable powder. A special feature 
of this machine lies in the details of construction, which reduce the 
power required to much less than that needed by other pendulum 
mills having the same output. . 

Another modification of the ordinary type of pendulum mill is 
Mnade by the Baymond Impact Pulveriser Co., of Chicago, U.S.A., 
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in which from two to five pendulums are emplojied, each being 
suspended from a .central, casting which carries all the moving 
parts. The action of the mill is the same as in the Griffin type, the 
material being stirrefl uj) by scaapers and ground between the 
grinding ring and th^ ijcndulums, ' 

Grindstones are sometimes employed for fine grinding. These 
machines usually eoasist of two circular grindstones running close 
together in cither a vertical or horizorival position, so that the 
material is grousd between their adjacent faces. Natural sand¬ 
stone or chert carefully chiselled to the desired shape is usually 
employed, but artificial stones are being increasingly used. 



StuiieratU JCnnineering Co., U<t., London. 
Fio. 83.-«Hunzonta! grindstone or Burr mill. 


stones may be of various sizes up to about 5 ft. diameter and are 
rotated at 120-180 revs, per min., the smaller stones being rotated 
the most rapidly. The jiower required is about 18 h.p. for an out¬ 
put of 1-3 tons per hour, depending on the hardness of the material 
to be ground. . 

Mills with a horizontal and a vertical stone respectively are 
shown in Figs. 83 and 84. Grindstones are chiefly used for reducing 
materials to 'an extremely fine powder (“ flour ”). At one time 
they were extensively employed, but they are now, gradually being 
replaced by tube, ball, or pendulum mills. 

Edga-runner mills are largely employed for reducing siliceous 
materi^s used in the manufacture of silica bricks, sand-lime bricks, 
etc., where it is desired to produce angular particles without too 
large a proportion of dust. An edge-runner mill consists of a pair 
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of rollers mounted on a horizontal axle, whieh roll in a metal pan 
containing the material to Ije ground. .The oedinary mortar mill 



StHrtf’rnnt Kuttinrffino Vo.. I/Oiuhn. 
Fits. 84.—V'ertiual niitl. 


is a well-known tyiK- of edge-runner mill. There are two tyix!8 of 
edge-runner mill used for grinding siliceous materials : 





(*. WhUUiker it* C'o., Uti., Atrrini/lon. 

Fi«. 85.—Chaacr null. 

(i.) Chaser miUs, in whieh the rollers follow each other m a 
fixed pan (Fig. 86). 
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(ii.) Revolving pan mitta, in which the pan is rotated mechanically, 
the rollers merely turning pn their axes as the result of the friction 
between them and the material to be .ground (Fig. 86). 

For reducing large pieces chaser mills are better on account of 
their great strength, but ^or pieces less than 3 in. diaineter the 
revolting pans are usually preferable. 

Chaser mills with fixed pans can be made stronger than ifiills 
of the revolving pan type, as the pan oPthe^former can be placed 
on a solid foundation, and there is less liability of damaging it when 
the rollers are raised several inches by the introduetton of large 
pieces of hard material. Edge-runner mills may be either over- or 



V. Whittaker Co., Ltd., Arerington, 
Fia. 86.—Revolving pan mill. 


under-driven, the over-driven type being most generally used, as 
the gearing is more readily accessible, is less liable to be clogged by 
dust, and more space is available beneath the pan for the ejection 
of the groimd material (Fig. 87). 

The gearing, whether the pan be under- or over-driven, should 
consist of a horizontal crown wheel of ample diameter and strength 
vith well-cut teeth, driven by a pinion of corresponding stretch 
md arranged to withstand many sudden and violent shocks. The 
irive should be through a belt to a countershaft, as it is not desir- 
»ble to have several mills of this type all driven direct, though this 
s done in some works. The belt absorbs some of the shocks which 
irould otherwise be transmitted to the driving shaft. Either a 
oose pplley or a simple form of clutch should be provided, so that 
ihe machine can be stopped rapidly when required;. 

The pulleys should be properly selected for the work they are 
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to do. Too narrow a pulleV is a senons mwt^e, as it f 
wew than one which is of ample width.for the purimsc. As the 
^wer transmissible by a be'cor pulley is proporlional to its width. 



r. WhiUntrr i Co.. IM., AmivnUm. 


Fio. 87 .—Open-base pan mill. 


it is idways wise ^ ^“t^Zr^^^fth: S'aSt’i^S 

2d rvrfsinSttt to those made of feather. 

the footstep bearing on which the 
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lower end of the upright shaft carrying the pan is aapported should 
be of ample size, m it hag a much heavier load than is commonly 
realised. It shoulfi be made in two parts so as to facilitate examina¬ 
tion and replacemenlf when retpiired, and should be so designed that 
it will not Ix) aflect«d,bv the shocla to which the pan is subjected. 
It should be lubricated w»th grease or oil of good quality, which 
should bo supplied automatically as far as possible, though* the 
necessity for occasional inspection shottld ^ot bo overlooked, as 
footstep boaringf are costly to repair. 

The pan is lined with chilled metal or steel plaHs, t/r chert slabs 
mounted so as to form an easily renewable bed. The metal plates 
may conveniently Ixi arranged in two concentric circles, the inner 
one, preferably miule of tough manganese steel, being the grinding 
bed on which the material is subjected to the pressure of the runnel’s, 
whilst the outer one (which for cheapness majebe made of chilled 
metal, as it is subject to less wear) starves for mixing the material 
and repassing it under the runitersf The rim of the pan may be 
made in one or more pieces as dissired ; it should be vertical rather 
than slojiing, though some grjnders prefer the latter. 

The |)an may bt! solid or it may be perforated with holes or 
slots. A perforated pan is preferable for dry material, as it is 
continuous in action ; the material when sufficiently finely ground 
falling through the jierforated bottom of the pan and escaping from 
the machine. In the solid pan, on the contrary, the machine must 
be stopixid at intervals and eihptied, rjchargeil, and started again ; 
this involves a waste of time which should, if po.ssiblc, be avoided. 
Dry materials should never be ground in a solid pan, as much of 
the material is lost iif the form of dust and there is a great .waste 
of power. When the material is not too hard, the rollers may be 
raised about I in. above the ptvn, as this reduces the amount of 
dust produced. ' Instead of the whole of the jian Ixfing perforated, 
the parts immediately below the rollers may be solid, whilst the 
rest of the bottom of the pan may be perforated. Scrapers may 
be arranged which cawy the ground material on to the perforated 
part of the pan and return that portion which will not pass through 
holes to the grinding bed for further treatment. In some cases, 
the sides of the pan may also be perforated, though this is seldom 
necessary. The shape of the perforations varies, slots being used 
in some mills, whilst in others circular holes are employed. The 
latter are preferable, as they prevent large flakes from passing out 
of the mill. If slofe are used, their length should usually be at 
right angles to the track of the rollers, unless the presence of flaky 
pieces is not xionsidered objectionable, when the output of the mill 
may be incrc^d by having the length of the slots in the direction 
of the travel of the rollers. Both perforations and slots wear some¬ 
what rapidly (unless the pan is made of exceptionally hard metal) 
and should be renewed before the apertures become unduly large. 

The size of the perforations varies with the purposes for which 
the ground material is to be used, but it is inadvisable to use holes 
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smaller than i ij.'diamctei^ as they are liable to be easily elogf;ed 
and reauire frequent cleaning. If a ])au mill is used to grind a 
material to powder, the matojial from th*e mill sVaild l)e screened 
and the coarser material returnqd to the nflil to 1 k> re-ground. 
Although all the material thus returned is enpalrlv of passing through 
the ixjrfor'ations in the mill, it will, if delivered to a solid ])a»t of 
the pan, be reduced to mneh smaller parlieles ladoi'e being dis¬ 
charged through the jwrhWations. It is by no means unusual to 
•employ screens of 24-hiesh, in eonjunetion with 'jin. isuforations 
in the pan, withjcompletely satisfactory results. 

The hojes in the pan shoidd tu|M'r so as to lx- larger on the 
under surface of the pan than on the up|M‘r one ; this largely 
prevents the holes from Ixdng clogged. 

Edge-runner mills used for dry grinding must he vi’cv strongly 
built; the runners should he as heavy as |)ossihlc. and arc best if 
constructed of iron and fitted with renewable rims or tyres of sbsd 
or special hardened metal. The (Inploymetd of these reniovabh* 
tyres has many advantages, one of the most important Isbig the 
eheapness with fi'hich the working .syrfaee of the runner can he 
kejrt reasonably level. 

Some firms jwefer the runners to he made of stone, and where 
it is necessary to avoid the use of iron this material is excellent. 
I'or most purposes, however, it is ladp'r to fix on them a l•enewable 
type of mangane.se steel orehilh'd iron, as unprots-eted stone wears 
away rapidly. An excellent arrangrlnent when transport < harg(*s 
are heavy is to make a skeleton runner of iron and fill it with 
concrete when the runners hi»e reached their destination. 

The rumtors must be so ('onstrueteil as toftilow of their vertical 
movement through a distance of at least 11 in., so that in the (went 
of a large ma-ss, too hard to he i'umediately crushed, getting into 
the mill, the runners may |)ass over it. If this fannot he done, 
an excessive strain is placed on the driving gear and an accident 
may result. One excidlent method apjdieable to mills with revolving 
pans is to suspend each roller by means of two chains, but a more 
usual one is to provide slots in the standards carrying the ends 
of the runner axles. 

From the point of view of durability, tlu^ Iwst pan mill is the 
one which has the maximum output for the sniidlest |)an-area ; 
hence it is necessary that the sera|iers should Ik- fixed very eare- 
fully so as to work with the greatest efiieiem^y. They should be 
arranged so as to mix the material thoroughly and to pass it as 
often and as completely as possible beneath the runners. Each 
scraper should be capable of separate adjustment, Ixfthhorizontally, 
so as to ensure that it moves the material in the desired direction, 
and vertically, so that it may be lowered as the metal wears 
away. Some firms on the Continent use hanging scrajjers which 
rest on the material bv their own weight and can move ve^ically 
without being adjusted. If the scrapers are fixed to arms pivoted 
on a shaft, at the back of the machine, the front of the pan may 
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be left more free and accessible than is libnally thS ^ase ; this greativ 
facilitates the emj)t 3 dng of the machine when this has to be done 
by hand. There are, hovtever, objejstions to self-adjusting scrapers, 
and those which mtist be adjusted by hand are preferable ; thev 
remove material which would otherwise adhere to the pan, and so 
ensure a better mixtAre than is obtained with loose scrapers. The 
smaller the perforations the closer should the scrapers wofk to 
the bed. «> 

The output^of edge-runner mills depeiids on the number of* 
revolutions of the pan or rollers, the number of ^crapers, and the 
speed with which the powdered material is removed from the mill. 
The quality of the product depends on the breadth of the runners, 
the form and number of the scrapers (which regulate the numb<!r 
of times the material is passed under the runners before it is 
removed), and the time taken in grinding. , 

To secure the greatest output, edge-runner mills must not be 
overloaded, but should be fed in a regular manner, preferably 
by one of the automatic feeders described on p. 382, with material 
which is not in unduly large^ pieces. No maximu'm can be applied 
in all cases, but as a general rule no pieces should be larger than 
3 in. diameter, and if the largest size is only 1 in. so much the better. 
It is cheaper to reduce large pieces to 1 in. in diameter in a stone- 
crusher than in a pan mill, so that a crusher is economical as a 
preliminary breaker for this purpose. 

It is very useful, in many cases, to attach an apparatus con¬ 
sisting of a lever, one end of which is placed so that when a runner 
is raised too high above the level o^the bed it will automatically 
move the lever and‘ring a bell, thus indicating that tfic n^chine 
is being overfed, and that thq supply of material should be reduced. 

Edge-runner mills are chie^y used for reducing sandstone, 
silica rock, ganistcr, etc., to a fine powder, in the manufacture 
of bricks, etc. They are also used for the preparation of material 
for sand-lime bricks and in the reduction of metalliferous sands 
for farther treatment. 

The chief disadvantages of dry grinding silica and other sharp- 
nained materials in edge-runner mills and other open mills, is the 
danger to which the operators are exposed on account of the dust 
which rises from the machines and causes silicosis, which, in some 
oases, is fatal. This may be avoided by enclosing the mills and 
using fans tq collect the dust, but this is sometimes troublesome 
and difficult. 

Wet grinding may be carried out by means of stamps (p. 364), 
)all, or tube mills (j^. 366), grindstones (p. 374), or edge-runner 
nills, which are used in a similar manner as in dry grinding, except 
hat water ik present as well as the material to be ground. The 
ihief differences in the appliances used in wet grinding and dry 
prinding respectively are : 

int Stamps .—Instead of passing the material through a slit, 
t is carried by a stream of water on to suitably placed screens. 
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BaU, miUa fu( Vet rainding are of similar design to those used 
for dry grinding, but where fine material is required the mills must 
usually work intermittently Alsing eyfmders, which are charged 
and run until the machine has sufficiently gtound the material; 
the mills are then emptied and •recharged), h’vr coarser grinding, 
wet mills with continuous action may ba\ist'(f. , 

Tube miUs aije more adaptable for wet grinding than ball mills, 
the construction being pmctically the same as for dry grinding. 
The mill is filled up to®about its centre line with b|lls or flints, and 
the slurry is* admitted at one end and discharged at the other, 
the exit ^ing fitted with a sieve to prevent the cscaix* of the balls. 

Orindsionee for wet grinding arc similar in construction to dry 
grindstones, though only horizontal stones are used ; it is found 
that in wet grinding only the lower stone should revolve, as this 
secures a greater ijutput than when the ujqMT stone is rotated. 
In wet grinding, the stones arc driven at about half the speed used 
for dry stones, so that less pewcf is necessary. Artificial stones 
are preferable to natural ones, as they wear longer and are in every 
way more satisfffctory. 

Edge-runner mills or Pan mills for wet grinding must work 
intermittently, as they cannot satisfactorily la? worked continuously. 
They usually have a solid pan and runners b ft.-.') ft. (i in. in diameter, 
16-18 in. wide, and weighing about half a ton. Th(! pan should 
revolve and the rollers be loasc. The mills may Ijc under- or over¬ 
driven, as desired. The usual chaise for an edge-runner mill is 
about 600-1200 lb., which*is tri'atcd for 20-30 mins., and then 
withdrawn. No material which is more than 1 in. diameter should 
be sqppli^ to the mill. Such a mill, charged each time with 
760-900 lb. of silica, will deliver regularly about 1 ton jjer hour, 
the mill being emptied and filled three times per hour and requiring 
25-®) h.p. according to the hardness of the materidi. 

A pan mill is usually emptied by hand assisted by some simple 
device. Long-handled shovels mounte<i on a universal joint are 
largely used, and are effective, but rathe* risky, and therefore 
undesirable. No wholly satisfactory method of emptying the 
revolving pans without stopping the mill has yet been devised, 
though several ingenious devices are sufficiently satisfactory for 
borne purposes. Their chief disadvantage is that continuous 
working introduces the continuous feeding and the continuous 
wi^drawal of material from the pan, so that the product is never 
so well ground as in machines which work intermittently with 
batches of material supplied at regular inte^rvals. 

When a stationary type of pan mill is employed, it may be 
emptied by opening a sliding door which covers a hole in the pan. 

All edge-ruimer mills should be charged uniforftily, and core 
should be taken not to overload them or to run them with too 
small a charge; consequently, it is desirable to use a m^uri^ 
device, or to weigh the charges ; where a sufficient number of milfi 
is used, a poidometer (p. 334) may be employed. 
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The duration of grinding should dd|pend on’t^e nature of the 
material being ground. About three charges per hour are attained 
with most siliceovfs rocks* which ha,v^) previously been reduced in 
a preliminary cnishet. , 

Levigatimj millsr- uned for the wwt grinding of flint in the pottery 
indujitry—consist of d circular vat 4-6 ft. wide, the bottom o{ which 
is paved with hard (chert) blocks. In the centre is a vertical Shaft 
provided with stout horizontal arms \rtiiclu when rotated, move 
large irregular l^oeks of hard stone (chert) over the paved bottom 
of the vat and so reduce any material placed in it to powder. 

Wet grinding has the advantages of avoiding the production 
of dust and of producing a finer product, though the angularity of 
the grains is usually destroyed. 



JiennrU <fr Sttt/er, Ltd., Derby. 
Flo. 88.—Screw feeder. 


Automatic Feeders tor Grinding Mills.—The efficiency of any 
grinding mill depend* very largely on the rate at which the 
material is fed into it. The ideal method is to supply the material 
to the mill in a continuous stream at exactly the same rate 
as that at which it is being discharged in the ground state; 
this is not usually possible, so that the most satisfactory method 
of feeding the mill is that which most nearly approximates to a 
continuous fee^. 

Hand-feeding would be ideal with a proper attendant, but in 
practice it is seldom really satisfactory, as the man either supplies 
too ynuch mtuterial at once, thereby overloading and choking the 
mill, or he is over-cautious and does not secure the maximum output 
which the milf is capable of supplying. An automatic feed, when 
properly adjusted, overcomes both these drawbacks, as by its 
means a perfectly uniform supply of material to the mill is ensured. 
Automatic feeders are of four chief t)rpe8 : 

A screw conveyor (Fig. 88), in which the 


material is tipped into 
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a horizontal ti'ou)^i containing a slow-moving screw or worm, and 
carried forward *at a rate which dejicnds on the size and sjs'cd 
of rotation of the screw and on the lcngth*of scrc'ft -thrcad acting on 
the material to bo moved. By varying this longth by altering the 
position of the screw on the sljatta, the output can lx- controlled 
vety accrffately. ,* , 

A scraper conveyor, consisting of a vertical drum with an 
independent rcTOlving b^'-plaU* (Fig. 89) carrying a scraix'r, 
which, as the basi“-i>«ate rotati’s, 
pushes a rcgijhr stream of material 
through an ojiening in the side of 
the drum, "or Itctwccn it and the 
base, into the mill. Thi' amount of 
material delivered may 1«‘ varic<l 
by altering the size yf the apertnre. 
the sjieed of the baK'-platc, or the 
size or position of the scraper. , • 

A conveyor belt, above which is 
mounted a barrier or block, ad¬ 
justed so as to allow a suitable 
amount of material to pass beneath 
it, any surpbis Ixing held back and 
eventually carried forward by a less 
heavily loaded jiortion of the Isdt. 

This type of feeder is very u.seful 
where several mills arc to be fed 
from one source, but the weiy and 
tear on the^belt is rather high. 

An endless bell Jilted with bnrkrls 
or other containers which are auto¬ 
matically filled and discharged at 
intervals. This type of feeder is 
merely a modification of a bucket- 
elevator (p. 339). 

The essential eharaeteristics of 
a good automatic feeder are: 

(o) strength, (6) simplicity of 
design and construction, (e) low 
drivmg power, (d) resistance to wear and tear, and (e) unlimited 
capacity to receive and deliver the material in a js^rfeetly regidar 
manner to the mill. The first two types of feeder descrilx'd above 
are very regular in their action, but are rather exjxmsive in power. 
The other two are also satisfactory, though their vnje is limited, 
and the last-mentioned is not really continuous, but intermittent, 
though the intervals arc very small. Each method Ik better than 
hand-feeding, because it is usually more regular than the latter. 
The saving in power effected bv the use of mechanical fevers is 
very considerable, and if the feeders are carefully selected th%' soon 
repay the initial expenditure involved. 


Kki. HIK llevdivitig tmBe-i>l»tc 
feeder. 





CHAPTER IX 

PURIFICATION OF SANDS AND SAND-ROCKS 

The purification of sand and sand-bearing rocks may be effected in 
several different ways, according to the nature of the material and 
the amount of purification necessary. The principal methods 
employed are; 

(i.) Hand-picking. 

(ii.) Washing. “ 

(iii.) Concentration by 

(а) Water. 

(б) Floatation. 

(c) Air. 

(d) Magnetic separation. 

(e) Electrostatic separation. 

(iv.) Chemical action. 

(v.) Calcination or burning. 

HAND-PICKING 

Hand-picking is only employed where the impurities are in the 
form of relatively large pieces which can conveniently be picked 
out by hand. Coarsely ground stone may be hand-pickra to remove 
portions which are too badly contaminated by iron compounds, 
etc. Gravel or pebbles may sometimes be removed from sands by 
hand-picking, but these materials may often be separated equally 
satisfactorily and more economically by means of screens. Except 
in special cases, hand-picking is not applicable to sandy materiau, 
emd their purification is usually effected more economically by 
mechanical or other methods. 


WASHING 

Washing consists in applying water to the material in such a 
manneS/ as either to remove undesirable constituents or to remove 
the sand and leave the impurities behind. Thus, a mixture oT 

384 
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sand and clay is (fashed in*Such a manner that the clay is removed 
by the water, but when a mixture of sand or gravel is washed the 
water carries away the sand jnd leaves fhe gra\Vl behind. Some¬ 
times the washing is so arrange/l as to effi‘<'t a separation into 
particles of low and high sjieeific gravities ; thji is partieidarly the 
case in dealing with placer sands and,'othtr deposits eontaining 
valuable minerals or ores. This treatment is termed “ ( Vineentra- 
tion ” (see p. 415). • 

In washing, the «ay and other small partieljs are‘s(‘|>nrated 
froni the n ijiainder in accordance with («) their weight, (6) their 
size. In the former method the larger particles si'ltle out of 
SMpension whilst the clay, etc., is carried off by the wash-water, 
ami in the latter method the larger ))nrticles are retained by screens, 
through which the water and smaller particles (>scajH'. 

In both these methods, the watso' not only removes the clay and 
silt, but also a comsiderahlc penriot tion of any carbonaceous matb'r 



present; some ferruginous matter may also be removed, though 
the separation of iron films on grams of sand is niufh niori^ <lifficult. 
Thus, the Triassie and Permian sands cannot la- completely piirilied 
by washing, as the grains are coven-d with a thin adherent lilm of 
haematite which is very difficult to remove, (trains coated with 
liraonite are more readily rleamal by washing, though this treat¬ 
ment will not remove the whole of the iron present as limonite. 

Washing by Suspension.- -Various methods of applying the 
water in order that it may carry off the small particles of clay and 
other impurities, are in use. One of the simplest but by no me^ins 
the most economical, is by means of the Iroiujh washer, which 
consists in putting the sand in a long trough having a V-shaped 
cross-section (Fig. 90), through which a constant stream of water 
is kept running ; the sand is stirred up by hand, using,rod8, spades, 
or otter stirring devices so that each grain of sand is brought into 
intimate contact with the water, and the adherent particles of dust 
and clay are removed and washed away by the stream of water, 
leaving the clean sand behind. It is impossible with this fwrange- 
ment to use the water efficiently, so that a very large quaiftity of 
,water is required ; the time occupied in washing is also much 
v#u I 2 0 
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longer than when more efficient mechaiiioal methods are empioyea. 
The method is, therefore, confined to cleaning small quantities of 
sand where a more elaborhte device _^ould not be profitable ; apart 
from its cost, the method is qui]» satisfactory. It may be made 
more effective by having a series of troughs one below another, as 
this,increases the rlfance',of the sand being thorouphly cleaned 
without using more water. • 

Flat-bottomed troughs termed sliticeaare often used for washing 
large quantities,of sand, especially those containing precious metals. 
Such sluices are about 12 ft. lung, from l|-2 ft. wide, and 1 ft. deep, 
the floor sloping 2-21 in. in its length of 12 ft.; in some cases, the 
floor of the trough forms a scries of steps about 4 ft. apart. Sluices 
are used in exactly the same manner as V-shaped trough washers. 

A still greater improvement can be obtained by using a 
mechanical agitating device to ensure the thorough admixture of 



the sand and waiter. Thus, one of the simplest of such troughs is 
the log washer (Fig. 91) which is frequently used for washing 
metalliferous sands, the simplest form consisting of an inclined 
wooden trough, lined*with wrought or cast-iron plates and fitted 
with a shaft carrying paddles arranged at an angle so as to mix 
and convey the material to be treated from the lower end to the 
< upppr end of the trough. The shaft revolves at about 12 revs, per 
min., and discharges the washed sand at the top end of the trough, 
the water travelling in the opposite direction and carrying with it 
the dirt, clay, etc., removed from the sand. 

Another form of trough which is sometimes used for removing 
day and dirt from metalliferous sands consists of what is known 
as a mvd-whud, namely, a paddle-wheel 5 or 6 ft. in diameter, which 
revolves in a trough containing the sand and water. The paddles 
lift up the sand and allow it to lul again into the water, thus putting 
the clay and dirt in suspension so that they escape when the water 
is mi^ oil. In the Greenaway washer (Fig. 92) manufactured by 
Hardy A Padmore, Ltd., Worcester, the sand is fed on to anu 
inclined rotary screen through which it is washed by jets of water,' 
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any gravel being ^paratea by the screens. The sanil anii water 
fall into a long trough provided with a,rotating shaft.carrying a 
large number of blades whii h churn up the sand and water and 
gradually transport the sand to. the farther* end of the trough, 
wliilst the water flows in the op))ositc djreetion. On reaching the 
end of the ti^ugh the sand falls through*a tank, up which a current 
of w&ter is rising, into a second mixer similar to the lirst, through 
which the sand is cf'p^-"yM in a direction contrary to that of the 
wat^r flowing through: ^ 

Finally, tlu' .thoroughly washed sand is discharged into a tank 
of clean w;ater from which it is rais(!d by a bucket (devator with 
perforated buckets which allow most of tiic water to cscajs-. The 
elevator discharges the sand on to the ground or into wagons or 



bins as required. The; length of thi- mixing troughs and the fact 
that the .water and sand travel in opposite directions ensure the 
sand being thoroughly washed, withtiut much waste of water and 
with a minimum amount of attention. 

The efficiency of all these tyfX's of sand washer depnds on (a)s 
the extent to which the clay, etc:, is separated from the sand and 
is suspended in the wash-water; (fc) the speed of the current, which 
determines the size of the particles which will be carried away and, 
-thi^fore, controls the amount of impurity left in the sand and th« 
amount of sand carried away and lost; and (c) the sizers of the 
smallest particles of sand which it is desired to nftain, as this 
Hmits the speed at which the water can be allowed to^flow througl 
the trou^. 

The combined effect of (6) and (c) causes the grains of sand t< 
travel downward and at an angle which depends on the tw^forcei 
feonoemed. Thus, a grain of sand which will just pass through i 
ISO-meah sieve wUi settle in still water at the rate of nearly 4 in 
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per sec., but in a trough through which'k current <)f water is flowing 
at the ratg of 12 ft. per sec., the grain will travel, longitudinally for 
some distance before it settles, h^jldies in the stream and varia¬ 
tions in the stirring hlso affect the deposition of the particles. 

The amount of Agitation of the crude sand and water necessary 
depends on the ease'witli. which the grains of sand s.re'separated 
from each other. If much clay is present, a very thorough agifation 
is required, whilst a clean sand compested of almost pure quartz 
will enter into ijispension almost immediate^. 

The rate of flow of the water should be controlled* by valves or 
other suitable means so as to carry off the clay and “ dirt ” without 
losing too much sand. The best rate must usually be found by 
experience, and particularly by collecting the liquid running away 
from the end of the trough, allowing it to settle and then noting 
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how much sand is present in it. This is dealt with more fully under 
Eiutriators (p. 391). 

Baffles or riffles arc sometimes used in washing troughs to aid 
in the retention of the larger particles. 

Among other arrangements for amtating the sand and water, 
,,the most satisfactory are wash-mills, dram, tube and conical 
washers with internal agitators. 

In some cases the agitator is separate from the washer proper ; 
the latter thep usually tekes tlie form of either an elutriator or of a 
series of settling tanks. 

A Wash-mlU (Fig. 93) consists of a circular tank or annular 
ring 6-16 ft. in diameter and 2-6 ft. deep. In the centre is a vertical 
shut which is rotated either by a horse, engine, or motor. Attached 
to the vertical shaft are several horizontal turns canyWg harrowrs 
which trail in the sand and water in the mill, and stir them up, 
and put both sand and clay, etc., in suspension. After a sufficient 
amount of stirring, the rotation of the arms is stopped and the, 
contents of the mill are allowed to remain motionless, thus 
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geparatmg mu < laj^ey niatcur from the sand. The water and otay 
are then run off .through an opening in the side of the mill anil 
afterwards the clean sand ij removed, ‘either *hy digging or by 
means of a small bucket elevator.. Attempts #u work wash-mills of 
this type in a continuous manner (by removing the sand continu¬ 
ously with an elevator at the same rat*' aj'fresli sand is admittetl, the 
stream.of water .also being continuous) have not proved completely 
satisfactory, though they *re sutficiently so in some localities. 

j\n intermittent \#a.sh-mili, when horsc-driv(‘n, is capable of 
washing 16-28 tons of sand per day, but an enginc-*or motor-driven 
wash-mill may treat 120 cu. yds. of sand (ht day of 24 hours. 

The chief drawbacks of a wash-mill are the very large (piantities 
of water involved, the inttTmittcnt nature of the process, and the 
case with which a careless or indifferent workman may deliver 
improj^rly washed,material. They are, therefore, u.sed to only a 
limited extent. 

Drum washers may Ik* regiirdfd as covered trough washers ; 
being “ clos(!d ” they can be worked at a greater s|X'ed and inclined 
more steeply tiian an o|)en trough washer. When horizontal, 
they consist of a i)i|H! or cylinder containing a shaft. Iwaring a 
series of blades which churn u|i th(^ sand and wah'r and produce 
a good mixture. The blades are so inclined that they also proptd 
the sand to one end of the washer, whilst th<^ water is under such 
a pressure that it travels in the op|X)sitr' <lireetion. This counter- 
current action ensures the cleanest wat(w coming into contact 
with the cleanest sand, thereby economising water and ensuring 
as thorough a washing as thc^mai hine can produce. 

If the ‘(Irum is inclined, the shaft and bkades must usually be 
replaced by a <s)ntinuous or Aiahimedean screw ; in that case, 
the sand is admitted at the lower end of the drum by means of a 
hopper, and water is admitted at the upix-r end and travels down¬ 
ward through the washer. The rotary motion of th(! screw con¬ 
veyor causes the mattwial to pass uj) the inclined drum and fall 
out of the end at the top. In (lassing up the drum, it is agitated 
by the motion of the screw, and the adlierent dirt is washwl out 
and carried away by the water which overHows at the lower end 
of the drum. A machine of this kind is capable of washing 2()-50 
or more cu. yds. of sand ptw day. , 

The efficiency of such a washer dcfamds on the s)xHal of the 
water and on the extent to which the particles of jand, etc., are 
separated as they travel through the drum. The agitating and 
separating power of a series of bhules in a horizontal drum is far 
greater than that of a complete screw, so that the inclined drum 
is usually less efficient unless made of very great length. For 
many sands the inclined drum, extemded so as to*forra a pipe, 
possesses ample agitating and suspending jKiwer and is, in every 
way, satisfactory, provitkd the sand and water travel in mtmsite 
directions. I^en they both travel in the same direction, wfonger 
pipe is necessary to ensure a perfectly clean product. 
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A particularly successful wasier oS'this ty^ is the Freygang 
Separator (Fig. 94), which consists of an inclined tube a, with 
a vertical branch 4, an overflow a* wjjh waste pipe g, and a worm- 
conveyor c, rotated by gearing driven by the pulley 6. The 
material to be washed is agitated .with water in a separate miser 
or bjunger and is led inty the funnel e* along with a Supply, of 
clean water from the pipe /. The mixture passes to the ipchned 
tube o, and rising through it is graduiJJy separated so that the 
fine particles of clay, etc., are carried away* through g, whilst the 
washed sand is \;ollected in the tank d. The object M extending 
the tube a well above the outlet o* is to ensure* the sand being 
drained before-it is discharged from the machine. 

The fineness of the separated particles and the grading can 
be regulated by altering the inclination of the tube a. the speed 



of rotation of the worm e, and the quantity of water supplied by /. 
When several grades of sand are required, a corresponding number 
of separators may be "worked in scries. Similarly, where several 
washings are necessary the solid matter from one machine may be 
discharged into another, and if necessary a series of machines may 
be used so as to secure a sufficiently pure product. 

Machines of the Freygang type have the following advantages; 

(1) Definite mechanical control, giving definite results in the 

sepeu'ation or grading of the sand. 

(2) Great saving in the amount of water used. 

(3) Great,range of grading, when required. 

(4) Low cost of installation. 

(6) Very little power required. An output of 20 tons per hour 
requires 12 h.p. and 40 tons (8960 gallons) of water. 
Most of the water can be used repeatedly. Small 
machines with an output of 1 ton per hoi" 
about 1 h.p. 
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(6) The maihtoe is apecially useful for concentrating metal- 
beanpg sands. 

• • 

Instead of the drum boin)f stationary and fitted with a revolving 
shaft and blades, it is sometimes*advantageous to us«' a horizontal 
rotating drum fitted with internal baffles. Ih the Blackett coal 
washer the bafilos are in the form of a hcrew or worm, so that the 
heavy“Articles taught b^the baffles travel down the worm-shajied 
channel until they esfripe at one end of the drum, whilst the fine 
particles are carried to the other by the w’ater anchthus siiparated. 

In another case, the baffles are arranged so as to lift the sand 
and deliver it on to fixed blades on n stationary shaft. The 
Teismith washer (Fig. 95) is of this type ; its action is clearly shown 
by the illustration. Machines of the rotary driven tyixi do not 
break up balls of clay and sand so reiulily os fixed drums with 
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rotating blades, but for sands which are cosily washed they are 
quite satisfactory. 

• In Rikof's washer (Fig. 96) thi! slightly inclined drum is divided 
into several compartments through which the watar and sand 
pass in opposite Sections, the sand being discharged at the lower 
end of the drum on to cylindrical screens of suitable fineness 
arranged concentrically, the largest hokd sieves being innermost 
and the finest on the outside of the series. The sand on the screens 


is also subjected to a further cleaning by means of jets of water 
playing on the screens. The slurry may, if desired, be carried 
offta a drying apparatus where it is de-watered and dried (p.'404). 

Etatrlators are appliances for separating small solid particles 
by means of a current of water flowing at such a rite as to carry 
away the smaller particles or those of lower specific gravity, whilst 
the larger or denser particles remain behind. Elutiyators are idl 
based on titis separating power possessed by a current of water 
flosring at a predetermined rate (p. 252), and tllcir efficiency 
depends on (i.) the accurate regulation of the rate at which the 
water flows, (ii.) the absence of disturbing currents, and M.) the 
supply cd the materials in a state of suspension, each solid^Hcrticle 
being definitely separated from the others. Most of the washers 
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already described depend upon this •principle, but elntriators 
differ from other washers in having no internal ma(%ianism. 

The simplest ffirm of'elutriator^ jp that described on p. 262, 

3ond w9s t^no ti Scrttninif _ 



ferjai Conerete Mixer Co,t Broxboume. 

Pio. 96.—Rikof’a sand washer. 

but it is too small for use with large quantities of sand. For use 
on a iMge scale, it is not sufficient merely to constru^ a large 
vessel <S the shape shown in Fig. 18, as eddies and other C^nrbing 
factors would render it of little value ; moreover, it is important 
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to be’ able to njnfove the washed sand easily at regular intervals 
without interfeniig with the work of the elutriator. TTiese diffi¬ 
culties have been overcome vithout saerflieing any of the essential 
principles in the separator patentq^l by J. M. Ifraixir of tile Rhondda 
Engineering Co., Ltd., Bridgend. i 

•The Dra^r washer consists of an (iron eohiinn at the kiwer 
end of which i? a screw conveyor. Water is ndniittid tiu'ough 
a pipe 5 (Fig. 97), near •he ujiixt part of 
the apparatus, and fills it, gradually over- s-—i 

flowing thrc.igh the shoot 3. A balaneiug ; ']! 

column of water may lie attacheil to pipe i ilK 

7 so as to keep the pressure of the walei' 
constant in the apparatus. The material to , « 

lie treated enters the apparatus through 
the hopper 2, and .falls through the fumiel i ^ V 

18. Here it is subjected to a powerful i '' 

washing action by the movisnelTt of the if 

water, whilst the heavier jiarWeles gradually ' jl 

^ttle dowTiwaras and are carried att;ay by ^ ? 

the conveyor. The. nature of the falling ail , 

material may be seen through the windows P iJ 

22 and samples may be drawn through the Jj—ft j fp—••^-n 
plug 23. The valve 2i> slowly rotates, and 
.in HO doing shuts off the connection between 
the W'atcr column and the eonveyitr sufli- 'S.. 
cicntly to enable a steady .se|)arntion to isi « * 

effected, whilst at the same time it enables j X 

the aceuninlatcd .sand, etc., to pass away. • i; Ij 

Apart from this valve anil th(‘ conveyor, | | 

the apparatus has no moving jiarts arul j | 

requires no attendance when at work. • | | 

When supplied with a mixture of sand || 3 

and water in which the solid jiartieles are [ . -•'^ 

completely separated (as by agitation in a. 
beater-mill or blunger), the Drais-r washer (l H 

is remarkably efficient. It dejxmds solely on \ Jj 

the rate at which the water flows through 
the apparatus and thus reduces the control t'lc. !)7. -UrsixT «'»«h<;r. 


to ensuring an ample supply of water at 
a constant head. It does not reipdrc the water to Ije under great 
pressure, and when once adjusted it reijuires no further attention. 
It can be regulated to separate ixirticles within very narrow limits 
of size or specific gravity, or to remove all particles hiss than, say, 
200-mesh without losing any appreciable projxirtion of the larger 
particles. It takes up less space .than almost any ?)ther kind of 
washer, and it has the advantage that it can be arranged to give 
any dwitpd output, whether small or large, by varying tl^size of 
the apparatus. It does not require any power to drive it, os the 
simd-emptying valve can be turned by hand if desired, though a 
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mechanical rotating device is preferaftle and cost may be 
neglected if a pump is required to supply tbfi separator with 
water. ' ' » 

To bo effective, the Draper vt'asher must be of a eonsiderable 
height—seldom Jes^^ than 10 ft.—and whilst this is not serious, 
it is, interesting to hbsefye that most inventors of elutriating 
washers have avoided tall appliances wherever possible, thbugh 
usually without very adequate reasons. IShey have also endeavoured 
to design washers of largo diameter instead of using a larger number 
of small diameter. This is unfortunate, as the disturbing factors 
in an elutriator are farloss serious in an apparatus of small diameter 
than in a larger one. 

For these reasons, instead of employing a tube or pipe as in the 
types already mentioned, cones are often used as in Figs. 98 and 99. 
Such washers are really elutriators, the sand falling to the bottom 
whilst the clay and dirt are carried away by the water passing 
upward through the cone. • • 

Where materials coarser than 200-mesh are to' be washed, 
Some of the impurities which are neither so light Us to float away 
nor heavy enough to sink, accumulate on the sides of the cone. 
In time these accumulated particles slide down the cone, spoiling 
the washed sand therein and necessitating a stoppage of the process 
whilst the cone is being cleaned. This may be avoided, to some 
extent, by supplying the slurry from one side instead of down, 
the centre, or a block may be placed in the centre of the apparatus, 
as in the Delano washer, so as to senifl the water down the part 
of the cone where the deposit is likely to form, and thus prevent 
its deposition. The defect is, however, largely due to )l,he use of 
an inverted cone and so cannot be wholly avoided with washers 
of this shape. ^ 

The object of making a washer of inverted conical form is "to 
create a rapid flow of water at the point where it first comes in 
contact with the sand, so os to separate the solid particles and put 
them in a state of suspension. As the water rises in the washer, 
the conical shape of the latter reduces the rate of flow so that 
an increasing amount of settlement of the larger or denser particles 
should occur, though the rate of flow should still be sufficiently 
groat to carry off the clay and “ dirt.” 

In the simplest form of cone elutriator the crude sand is fed 
into the upper, part of the cone at such a distance below the over¬ 
flow as to prevent undue disturbance of the latter. The particles 
of sand, etc., pass downwards and are gradually separated, the 
smaller and lighter particles being carried upward by the current, 
whilst the laraor or denser particles sink to the bottom and ore 
withdrawn thfough a valve. If the crude material contain large 
pieces of cemented material (e.g. pellets or ” balls of sand cementM 
by plastic clay) they will not be broken up, as the actipii of the 
washer^ too gentle, but will sink down along whh the'partielea 
; of sand. Hence, this type of washer is useless tor such a material. 
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Numerous patents ha.ve been granted for minor variations in 
this type of wa^r, and they need not be described in detail. 

The valves which control ^hc discharge of th#. sand from conical 
washers are often troublesome, jnd many iii^cnious devices have 
been used to overcome this difficulty. Thus in a conical washer 
(Kg. 98)'manufactured by the AlIisd'ljalniffH Manufncturinfi Co., 
Milwaukee, Wisconsin, an inverted conical sieve is placed in the 
lower part of "the washer.* The apertures in this sieve are too small 
to permit sand to paSs through them, though tht^'y readily admit 
water under, pffssure from the valve in the base of the washer. 
This arrangement efficiently prevents most of the sand from enter¬ 
ing the valve. 

The cone w'asher manufactured by the Allen Cone Co., K1 Paso, 
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Fig. 98.—Allui.CImlnicrs cone washer. 


Texas, U.S.A. (Fig. 99), is prouded in the centre with a float which 
is just in a state of equilibrium when t he washer is filled with clear 
water. When the washer contains a large amount of material in 
suspension the float rises, and, in so doing, it ojk'Iih a valve in the 
bottom of the tmparatus and cause's some of the sand to flow out, 
thus reducing the density of the liquid and rcclosjpg the valve. 
In this way the accumulation of sand is effectually prevented, as 
the float rises immediately a few grains of sand sink to the bottom 
of the cone, and, being very sensitive, it acts with great accuracy. 
The sand and water passing through the valve enter a chamber 
below, where it comes into contact wdth a stream of’water and is 
drawn off by a siphon, this being preferred as it causes less disturb¬ 
ance tluu%a valve in the bottom of the washer. Such a device is 
more suitable for washing very fine sands than for coarser o^s. In 
America, it has been us^ successfully fur removing clay from fine 
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phosphate sands of 200-me8h grade, wMch are -^fashed completely 
clean. r 

The Dorr classifier (Fig! 100) consi^s of a very shallow cone, the 
material in which is tigitated sliglitly by means of slowly rotating 
rakes. These do npt interfere with the general washing process, 
yet they prevent the ftjrma^ion of deposits on the sides of the cone 
and drive the coarse material through the discharge opening feto 
a water chamber, from which-it is remo«ed by means of a ladder 



Fia. 99.—Allen cone washer. 


conveyor consisting of a series of blades on a long rod, the whole 
having a to-apd-fro motion. On the forward stroke, the scrapers 
are close to the bottom of the inclined trough containing the sand 
and they draw the material up the machine. On the return stroke 
the scrapers ore lifted cle^r of the material and are then lowered 
so as to draw a fresh lot of material forward. During the return 
stroke the wrfter and finest material tend to flow down the incline 
and enable a well-drained sand to bo discharged from the machine. 

Waj|herB of this kind can effectively clean a sand containing 
26-60 ^r cent of clay at an extremely low cost, only 1 to 5 h.p. 
being required for outputs up to 75 tons per hour. Dorr classifiers 
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are very useful^fJr washitig moderately fine sands (such as those 
used for glass manufacture) which require to be specially free from 
impurities. , . * * 



The Korting washer is a type of multiple cone washer in which 
the sand is passed through a series of hoppers. The sand u placed 
in the first hoj^r, where it is stirred up with water under a head 
of 30-40 ft. The water, with the c)ay and other impurities, flows 
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over the lip of the hopper to waste, “hut the sfind is lifted up 
through a vertical tuBe (by the pressure of water through an 
injector) and is carried £o the nei^ hopper for further washing. 
This process is repfeated as often as necessary. There are no 
mechanically moving parts, and the* apparatus requires no attention 
other than to feed it Und 'semovo the washed sand from the catch 
tank in which it accumulates. ® 

Another general form of cone washes' and classifier (of which 
several patterns exist) which has long been Employed in the t^t- 
ment of mctalliWous sands is the Sjnlzkasten (I'ig.dOl), wmch 
consists of a box in the form of an inverted pyramid ivith its 
oblique sides at an angle of 50“ and made of wood or sheet iron. 
The slurry is introduced at one side and escapes at the other, a 
baffle'being placed between to prevent surface currents. In some 
patterns the slurry is introduced through a tube down the centre 



«■ 

of the box, extending to within 2-3 ft. of the top of the pyranfid. 
A secondary supply of water ascends from the bottom of the cone 
and aids, in carrying away the fine grains of sand, etc., •whilst the 
heavier particles sink to the bottom and are periodically removed. 
Several such pyramidal boxes may be used in series in order to 
separate particles of different sizes. When several Spitzkasten are 
used in series, the first box should be 2 ft. wide, if 10 cu. ft. of the 
mixture of material and water (known as “ pulp ”) or 1-2 owts. 
of solid matter are to be treated per minute. The boxes in the 
series may suitably increase in geometrical progression with a 
faotmr of 1 '6 ; thus if the first box is 8 ft. in len^h, the second may 
be 12 ft., the third 20 ft., the fourth 30 ft., and so on. 

A SpUdtHU classifier >,(Fig. 102) consists of two inverted M* 
angular prisiM, one inside the other, the space betwemi them b&g 
adjustable, ^niis apparatus is used in the same way as the Sifitc- 
kasien, the sediment being withdrawn at the apex of tfib outer 
0 hamb|r. In some cases, secondary water is supplied to the base 
of ^e apparatus so as to give an upward current which ensuiea 
^ b^ possible classification. Both these washers may bs Used; 
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for cono^trating* and oLvaaSying sands as well as for washing 
them. , 

Washing with Screens.—sand’s can t)e effectively and 
cheaply washed by discharging them on to ofto or more screens in 
a thin stream, and appiying a sufficiently powerful stream of water 
to carry the clay and small particles tnrough the screens, whilst 
the 'larger particles travel along the scretma and are eventually 
discharged. ■ » . 

It is sometimes sufficient to mix the sand and water in a hopper 
or some forit.oj preliminary mixer, the contents of which are then 
passed over fine screens which retain the sand whilst the water and 



dirt flow away. The drawback to .such an arrangement lies in the 
tendency of the sand to act as a filter and retain some of the im¬ 
parities suspended in the water. This objection is much less when 
the impure sand and water is passed in succession through a 
number of screens, fresh water Is'ing supplied to each screen if 
necessary, and finally after separating all particles,which can be 
removed by the screens, the water containing the finest particle in 
suspension is taken to a sand settler. A number of inclined conierd 
screens arranged in series for this purpose as shown in Fig. 103 is 
hugely used in America. 

In another form of washer, rotary cyiindricaf screens ate 
arranged so as to be partially submerged in water, so that the fine 
material which pas^ with the water through the sieve is ^fleeted 
ib the tank containing the screen ; the coarser sand remun? on the 
sieve and the dirt and clay are carried off by water to an overflow 
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pipe. In this way very thorough washing is sftjured and a large 
output maintained. 

In some work# a serifis of flat .yjbrating screens are arranged 



one above another, as in Eig. 104. The santf is supplied to the 
uppermost screen and is graded'and washed by jets of water which 
^ivo it, according to the sizes of th(' particles, through each screen 
in turn. The objection to this arrangement is that the sand acts 



Flo. 104.—Washing screens. 


s 

as a flUer and retains some of the dirt, which would be separated if 
the sand were fully suspended in water and the dirt removed by 
.flowing water without the use of screens. 
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Removal'OF Water from Sands 

After washing, sands usunjly contain ’a consiflcrable proportion 
of water which must be removed ^fore they cAn Im? used. Wirious 
methods are eraploj'ed to effect this de-waterjng ; they may be 
subdivided into (a) sedimentation; (h) tiltration ; (c) centrifuging; 
and evaporation or drying. • 

SedImentaMon is very sommonly used, and is apjilied in various 
ways. The simplest method is to nm the sand and water into large 
settling pits^. After a time, the sand falls to thc*bottom and the 
clear water is allowed to run off through an overflow pipe, or through 
a series of openings in the side of the pit. This method has long 
been used in the purification of china day and in other industries, 
the chief disadvantage being that it is very slow and the space 
occupied is considiyable. Moreover, the removal of the sand by 
hand labour is co.stly, so that more rapid methods which include 
mechanical devices are preferred. • 

The sitttling pits may lie rectangular or circular with vertical 
sides, but it is Usually more convenient to use inverted cones, the 
sand being discharged through a valve at the ajiex of the cone. 
The mixture of sand and water is supplied to the cone cither just 
over the rim or through a vertical pija' in the centre of the cone. 
Both these arrangements have the disadvantage of forming “ banks ” 
on the sides of the cone unless special precautions are taken (see 
C/one Washers, p. 394), as bv providing a combination of washer 
and separator as in the ceme washers jireviously described. In 
some cases the wet sand is,tipped into a conical hop]mr and is 
allow^ toyettle. The sand is then drawn off through a valve in 
the bottom of the cone, whilst the water remains behind or is run 
off through an overflow. ^ 

♦In the Boylan separator the cone is suspende*! from the arm of 
a balance, the other arm being provided with a counterjioise, so 
that when a sufficient weight of material enters the cone its eriui- 
librium is displaced, the cone sinks, and thereby opens a valve at 
its base and so discharges some of the sand. The cone then rises, 
and the process is repeated as often as may be necessary. In the 
conical sand separator made by the link Belt Co., Philadelphia, 
U.S.A. (Fig. 106), the cone is susjK-ndcd from a system of levers 
attached to a valve in the ajiex of the cone. The mixture of sand 
and water flows into the top of the cone, the sand falling to the 
bottom and the water passing away by the overflow' pipe. The 
weight of the sand gradually causes the pone to sink, and doing so 
opens the valve, thus releasing some of the sand, which falls into 
a bin, restoring the balance and closing the valve. This device is 
therefore entirely automatic, provided the sand is sufficiently free 
«ltom stones, etc., not to choke the valve. A cone 6 ft. diameter at 
the top will deal with 5 tens or 1000 gallons of a mixture sand 
and water per minute. 

A counterpoise separator of a different shape is made by the 

VM.. I 2 D 
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Smith Engineering Works, Milwaukee;'-U.S.A.*’ In this machine 
(Fig. 106) the hopper and lever are both carried on knife-edge 
bearings to ensure sensitive action,,, and as the sand-laden tank 
moves in one directibn the valve,plate at the bottom moves in the 
opposite direction,, thus |;iving an ample discharge area and a 
reliable closure on the retwm movement and avoic^g the tendency 
for the valve to remain open too long, which is so serious a fault 
with many counterpoised sand-separators. 

The advantage of a separator of conical hr similar shape is that 
it enables a relatively small discharge valve to be psed, the sloping 
sides of the cone automatically directing all the sand to the outlet. 
The disadvantage of such an arrangement is the difficulty frequently 
experienced in dosing the valve promptly, especially when attempt¬ 
ing to produce a dry sand. For this reason, many of the American 



separators do not attempt to deliver a dry sand but only one con¬ 
taining as little water .as will avoid valve-difficulties. Such devices 
are really rapid drainers, and leave the sand in a saturated condition. 

A conical sand separator must be very deep to be effective, as 
a shallow one would allow too much water to pass with the sand. 

Where a conical separator is not used, the chief means employed 
for withdrawing the sand from settling pits are: (i.) drag-belts; 
(ii.) bucket elevators; (iii.) ladder conveyors; (iv.) Archimedean 
screws; and (v.) rotary drainers. 

Drag-belts (!l^g. 107) consist of an endless belt or chain provided 
with scrapers which draw the sand up an incline at the aide cd 
the settling pit, but allow the greater part of the water to flow 
back into ub pit. 

Bucket elevators (p. 339) are sometimes used to raise the wefe 
sand tern a settling pit. The buckets are usually jwrforated 
so as to permit most of the water to drain back into the pt. They 
are only useful where the colour of the sand is of no importance, 
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as th0 metal of^ii^ich tlwy are made usually rusts and so con¬ 
taminates the sand- _ , , 

Ladder conveyors consist afr-a scries of scrapers mounted on a 



rod having a to-and-fro movement. One of tlie l)est of this type 
is shown in Fig. 100 and described on p. 39(i. 

Archimedean'Screws (Fig. 108) are extensively used lor removing 
sand from separators and settling pit#. They depend on the fact 



JjTvititvwn Fouwlry Co., iewWtnw, U.S.A. 


Fio 108.—^rew dc-w«t«ter. 

'^that aa the sand is raised by the screw the water will tend to 
Bopuate and will fall off the screw os the latter rotates.^^ Such 
ac^ewns are not highly efficient as drainers, but they are so con- 
yfnifflt as conveyors that their deficiencies are tolerated. A 
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particularly good combination of wasber and 'sand separator in 
which a screw is used is the Freygang machine (p^^OO). 

Rotary drainers are comparath^y novel. One of the most 
ingenious methods is used in Rikpf’s washer (Fig. 96), in which the 
drainer consists of <a steel Qone fitted at its largo end into a wide 
flange which is in Mim sonnccted to a nearly ^horizontal shaft 
which is slowly rotated when in use. The cone has a nuinber 
of metal blades forming pockets so arfanged that'the top edge 
of eacth blade is^orizontal when it reaches the horizontal plane of 
the axis of the cone. This provides a truly hoijizottal overflow 
for the water separated from the sand. When the drainer is in 
use, as each pocket passes under the discharge from the cylinder 
it is filled w'ith sand and water; the sand rapidly settles, and as the 
cone revolves, the water is poured off at the small end, leaving 
the sand very well drained. The sand then pa.ss(!s round and is 
discharged at the other side of the cone in a damp state. For 
effective working, the machine? m'ast be properly adjusted and 
driven at a speed which has been found by exiieriment'to be the 
best for the local conditions., ■■ 

All the fon'going methods yield a wet sand. They are useful 
in separating the sand from a relatively large volume of water 
and delivering it in a solid yet very wet coiulition. They may, 
therefore, be regarded as preliminary machines, and are of great 
value for renioving the bulk of the water ; the remainder must 
usually be removed by some ‘other of^ the means described in the 
following pages. 

Filtration is sometimes (>mploycd for drying sandy materials, 
and has the advantage of producing a drier product f^ian pimple 
sedimentation. The filters generally used for sand consist of a 
sheet or bag of some jiorous materiai, such as cloth or gauze, upon 
which the wot sftndy material is poured ; the w'ater passes throBgh 
the filter and e.scapes, leaving comparatively dry sand behind. 
Various devices are used in order to increase the rate of filtration, 
and some filters are provided with means to remove the dry sand 
automatically. In considering these appliances, it is necessary 
to remember that sand is hi^ly abrasive, so that the wear and 
tear on the filtering medium is vgry great, and '.as the filters are 
expensive to purchase, it is often cheaper to use some other means 
of removing the water from the sand. Under some conditions, 
on the contri^ry, as when the sand is contaminated with salt and 
the supply of washing water is limited, or when only hard water 
is available, a filter forms the best means of removing the gi^ter 
part of the water which cannot be separated by natural drainage 
or ^ sedimentation. 

The chief types of filters used for sand are: filter-presses, 
rotary filters, draining belts, and centrifugal separators. 

Fif^r-presses consist of a series of stout sheets of closely woven 
cotton, the sheets being folded into the form of bags, which are 
then fixed in series in a long frame. The material to be dried 
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is nin-into the ba^, whicU^'rtre tRen closed, and pressure is applied 
to the whole serf^ by Wans of a screw, so as to scpieeze or press 
out the water, after which the jiri'ss is agaift op<«ne(l and the ‘ ‘ cakes ’ ’ 
of dried material removed. A jtress of this kind is shown in 
Fig. 109. Filter-presses ore also mode in which the mixturt> of 
sand and "water can bo pum|ied under y)res.sivre into the " ba^ ” ; 
this is a great ailvantage, of which full use should 1 ki mode when¬ 
ever possible. • A pros8ur®of 30-GO 11». per sq. in. is neecs.snry for 
fillii^. • 

The tine',, taken to operate a tiltt'r-(tress is'generally about 
thirty minutes per run, the cakes pnxlueed being 1 j-4 in. tliiek. 

J'^ter-presses are not used for ordinary sands, but they arc 
extensively employed for removing water from line .sediments 
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Fio. loo.— Filter-jiress. 
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such as gold slimes, etc., which are (iroduced by reducing rocks 
to the state of sand. 

Rotary filters do not employ much, if Oiiy, jmasnre, but are 
usually worked by means of a vacuum pump. They gtmcrally 
consist of a large drum covered with chtth or other filtering medium 
on to which tne.wet material bills. The water is <lrawn through 
the cloth by means of a partial vaemum in the interior of the drum, 
whilst as the drum revolves the dc-watered material is removed 
from the cloth by a scrajier. In some patterns of, rotary filter, 
the cloth is then washed as the drum rotates, and is afterwards 
ready for further filtration. In a well-designed rotory filter the 
action is, in effect, continuous. Several patterns of-rotary filter 
are available. Thus in the one shown in Fig. 110 and made by 
tte Oliver Continuous Filter Co., the hollow dnim haS on its peri¬ 
phery a series of compartments each independently connected to 
a vacuum pump. The bottom of each comjiartraent consists of 
the filtering medium. In use, the drum is rotated in a V-shaped 
trough containing the liquid to-be filtered, which is agitated so 
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as to keep the solid matter in suspenskm. As‘each compartment 
enters the liquid, a thin cake from /,f>l|''in. t^fek, according to 
the nature of the'material, forms o^,^he surface of the drum. On 
leaving the trough,‘the water it) the cake is drawn through the 
filtering medium and the, de-watered cake may, if desired, be 
wasbed by suitably arranged jets or sprays of water. 'After the 
cake has been carried past the washing sprays by the fiftther 
movement of the drum, the vacuum is «Mt off and compressed air 
injected so as to force the cake away from the surface of the drum 
and facilitate ifs removal by scrapers. The cleqn wmpartments 
again dip into the liquid in the trough and the process is repeated. 



Thus, each compartment produces one cake of material for eacl 
revolution, so that the output will depend on (a) the diametei 
of the drum; (6) the number of revolutions per minute; and (e) Uic 
thiekness of the cake produced. According to the nature of the 
material treated, the ou^ut varies from 200-2500 lb. per sq. ft. 
per twenty-fqjir hours. Ore slimes and floatation concentrates are 
usually de-watered at the rate of 600-600 lb. per sq. ft. per twenty- 
four hours. 

Vacuum'filters are chiefly employed for metalliferous sands oi 
slimes or for other fine material for which the ordinary methodf 
of sediment&tion are not sufficiently rapid, or which do not givi 
a sufficiently sharp separation. 

Dralnlnf belts are sometimes used for drying sand, etc. Th^ 
oonsitt of an endless belt of stout twill cloth or similar mat«eia 
mounted on rollers like a belt> conveyor (p. 328). Ilie mMW 
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dnuning tbrong*! tbe belti oauc^t in a trough below and led awa}', 
whilst the de-v^tered- luaterial is removed by a scraper placed 
near one of the pulleys. Th^wi belts sodh bccoilie clogged and are 
by no means satisfactory dryers. Their only recommendation is 
that they convey the material, as well as drajn it. Attempts to 
compress'the material on the belt by,fuears of rollers hav^ not 
beer, generally satisfactory. 

Centrifugal (frying may be employed for fine sediments, though 
it is, in most cases, teo expensive except for valuable inateriaTs. 
The' apparatus used is known as a centrifugal sefiarator. It con¬ 
sists of » plaiA or perforated cylinder or basket, mounti<d on 
suitable supports or on a spindle, and rotated very rapidly by a 
belt and pulleys. If the basket is perforated and lined with cloth, 
felt, or other porous material, it is almost filled with the wet 
“ sand ” and the ipachine is then started. As the basket rotates 
with increasing rapidity, the action of centrifugal force drives 
both the water and the solid tp the sides of the basket; the water 
passes through the perforations and the solid matter is n^tained 
by the filtering medium. If the speed of rotation is sufficiently 
high, a very well-drained material is Armed. 

If the basket is a plain one, it is made to rotate before adding 
any wet sand, and the latter is fed into the revolving basket at a 
steady rate. The “ sand ” flics to the walls of the bosket more 
readily than the water and adlieres thereto, whilst the water forms 
a hollow cone near the interior. If. one or more small holes exist 
in the bottom of the basket!, the clear water will pass out through 
these until the machine htjp been filled with (le-watered sand. 
Any further quantity of wet sand then added will pass unchanged 
through the machine. 

Various modifications of these two types of centrifuge are 
available, including one contaimlig a filtering cane covering the 
holes for the exit of the water near the centre of the drum, so as 
to retain even the finest particles. If a mixture of a material 
consisting of grains of various sizes with a larger proiwrtion of 
water is passed through a tall centrifugal drum, the solid matter 
is separated according to the size of its particles. In this way 
an efficient grading of fine sands can be satisfactorily effected in 
a suitable centrifugal machine.' 

It will be seen that the operation of a centrifugal machine 
is very simple. The amount of material forming a charge and 
oorreot rate at which the machine is to be run are easily ascertained 
after a few trials, and there is little to get out of order. The one 
drawback to the use of perforated baskete is that the iSolid material 
is liaUe to form a very compact mass through which the watw 
travels with ciifficulty, and if tne speed of the machinh is increased, 
density of the solid material is correspondingly increased. 
•As a matter fact, the use of baskets with perforate wajls is the 
reverse of what iffioutd be employed, and the ideal arraff^ment 
;;i| one in which the walls of the Imket are quite plain, whilst the 
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outlet is near the centre of the ifasket*. If thi4 outlet is covered 
by a filter, the latter will have very little \<»ork do as the bulk 
of the solid mattef will adhere to the^ walls of the basket and only 
water which is almost clear will come in contact with the central 
filter. This arrangement has been, patented by W. J. Gee, and is 
used,in some of the filters Applied by Centrifugal Separatbrs, Ltd. 

Evaporation or Drying by Heat.—The dryWlg of sand# by 
evaporation is accomplished by applyingaheat to the* wet material 
by means of (i.) a hot floor, drying pan, rmtary dryer, or similar 
heating device ;* or (ii.) by passing hot air over the material. 
Occasionally both these methods are combined. ' 

A }u>t floor consists of a shed or other building having a floor 
of bricks, concrete, or metal plates under which are numerous 
flues conveying either hot gases from a fire or steam from a boiler 
from one side or end of the floor to the oth^r. By this means 
the floor becomes hot and any wet matferial placed upon it is dried 
by evaporation. Hot gases from a«coal or coke fire are generally 
employed for such purposes, as steam heating is much slower, and 
there is, in most cases, no object in drying very slowly. Such 
floors are used for drying 'calcined quartz, ground phosphates, 
the concentrates obtained in recovering metals from sands, foundry 
sands, and similar “ sands ” which are not damaged by a slight 
overheating. 

The materials, if sufficiently fluid, may bo discharged througl^ 
pipes on to the hot floors and removed by rakes when dried. Less 
fluid materials may bo tipped on to the floor and distributed by 
means of rakes. 

Drying pans are sometimes employed for sands. ;They are 
similar in principle to drying floors, but are on a much smaller 
scale. The pan may be of any convenient size and shape provided 
it is not too deep. It may be heated by a fire or by hot gase 8 ,«or 
even by steam passed beneath it, but if the heating medium is at 
a temperature much above 150° C. the pan should be fitted with a 
mechanical stirrer so 9 .S to prevent the sand from being seriously 
overheated. Such pans are seldom economical, and are used chiefly 
on account of the rapidity with which they can dry moderate 
quantities of sand, without much regard for the £ost of the heat 
used, or the labour employed. When large quantities of sand are 
to be dried regularly, pans are better replaced by some other more 
economical type of dryer. 

Drying troughs, heated externally, may be regarded as pans of 
special shape. The sand is agitated and graduaUy conveyed from 
one end of the trough to the other by means of an Archimedean 
screw, or preferably by a shaft carrying a series of inclined blades. 
The open trddgh allows a large amount of heat to escape and is 
preferably replaced by a cylinder (see later). 

Toypr dryers are tall structures which receive the wet material 
at the top and dry it as it passes slowly by gravity to the bottom. 
Odb of the simplest forms of this type of uyer consists of a taU 
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wooden tower on two op],abite sfdos of wliioh are a scries of steeply 
sloping platforriis whith act as “ baffles.” The wet .sand falls on 
each of these baffles in turn. a,nd in so tloing it meets an upward 
current'of hot gases from a iiimace or other source of h<‘nt Im'Iow. 
The tower must be so high'aiyl* the baffles so numerous that the 
sand is dry before it reaches the bottoi*n‘of the tower. , 

A much mofe rapid drying can be effected in a mueh smaller 
structure cwwisiting of a#series of irgn pans nr trays mounUHl one 
above another. The iand is fed info the upiK‘nno.st jran, is carried 
slovHy round it by means of a revolving scra|)cr, find falls through 
an opening int8 the pan 

below where it is similarly , 

treated, and eventually 

reaches the bottom of the fl 

series. The heat yiay be ^ 

suppbed in the form of ll i' ^ 

hot gases, or still Indter. m ■!.( . 

each pair miiy be heateil Jj t 1 

by a separate gas-burner U j Jk" ! \ 

which ensures a mucdi “fj . | I 

better application of heat Jj I 

to the sand, and with JJ 1 

care docs not cau.s(! any ^ i • \ 

overheating. Such a IV /* l 

dryer, made by Hardy & /7 / \ 

Padraorc, Ltd.,Woreester, j /.-£ ' —~ _ \ 

and shown in Fig. Ill, is ■ '*f'**" 

very, suitable for drying AV 

sands for use in glass C/ : *** 

manufacture and in JwS"-'"*'* 

foundries. 

A tower dryer used in 
America for sand - blast 
materialconsistsof a series 


©a: 


of tiers of pipes through Km. ill.— Tower dryer, 

which steam is passed at 

a pressure of algiut 90 lb. per sq. in. The wet sand is discharged 
from a bucket elevator on to the ujipi-rmost tier ; being damp and 
coherent, it remains there until it ilries, after which it falls on to 
each lower tier in succession until, when completely dry, it falls 
on to a belt conveyor which carries it to the storage'Ijins. 

Drying cylinders axe very economical where a large amount of 
sand is to be dried. They consist essentially of a cylinder which 
may be vertical, horizontal or inclined, and either stotionary, but 
fitted with revolving anns, or the cylinder itself may »volve slowly, 

A vertical drying cylinder is really a special form of tower dryer • 
(p. 408) and is constructed in a similar manner. The criinder is 
usually stationary, but contains a seriea of trays above whicB are re¬ 
volving arms, the arrangement being very similar to that in Pig. 111. 
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A fixed horizontal cylinder dryef must be p^o^^ided with a series 
of revolving blades mounted on a central sbaft, fibe blades being 
inclined so as to stir the material mji carry it gradually through 
the cylinder. The ktter is usually heated externally. If the 
cylinder rotates it must be provid^ internally with a series of 
baffle^ which impart a„ gradual forward movement to the material, 
and also lift it repeated and allow it to fall throujifh the hot ghscs 
which pass through the cylinder. This tyxe of dryer may be heated 
internally, or both internally and exteniMy; tit is greatly improved 
by being slightly'inclined. . » ' 

Inclined drying cylinders may be of either the fixed or revolving 
type, though the latter are preferable and more generally used. 
They have the advantage over the horizontal cylinders of requiring 
less power to drive them, and of being more compact and less 
expensive than some of the vertical ones, thougl^ a true comparison 
can only bo made with reference to a p&rticular sand dried to suit 
a given purpose. Inclined drying ..cylinders are usually heated 
both internally and externally, though those heated either hitemally 
or externally are in use and are quite satisfactory . The sand to 
be dried enters at the upper bnd of the cylinder and passes slowly 
along it, being raised and allowed to fall many times on its journey, 
until it passes out, fully dried, at the lower end. Caro is required, 
especially with externally heated dryers, to avoid overheating; 
this is less likely to occur with internally heated dryers, though its, 
possibility should not be overlooked. 

One of the simplest forms of dryihg cylinders consists of an 
inclined cylinder rotating on the outside by gearing and heated by 
gases from a furnace at one end, which pass along the cylindef and 
are drawn off by a fan or chimney at the other end. The sand is 
introduced by means of a hopper at the end of the cylinder farthest 
from the furnace, and is carried by tij.e rotary motion of the tube 
to the other end, where it falls into a receiver. Projections or 
baffles are fitted to the lining of the cylinder so as to break 
up the sand, lift it up repeateelly, and render the drying more 
effective. 

A more complicated dryer is the Buggles-Coles dryer shown in 
Fig. 112. It consists of two concentric steel cylinders capable of 
revolving about their slightly inclined conwnon axis. The cylinders 
are connected at the middle by means of cast-iron arms, and at 
each end by means of adjustable arms. The inner cylinder projects 
beyond the outer at the upper end, and passes into a stationary air 
chamber which is connect^ to the hot-air Sue of the furnace. The 
lower end of tho cylinder is also coimected by means of an openins 
in the bottom to a second stationary air chamber, which is ^vided 
with a damper in order to regulate the temperature, ^e hot 
:■ gases are drawn by means of an exhaust fah through the inner 
: cylinder and then back through the annular space beti^pen the two ^ 
.y ^linden, and finally brought through the flue leading to the fan. : 
^e sand is fed through a shoot into tl^e space between two;; 
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oylinderg, and as the drye» revolves the sand is lifted by means of 
scoops attached^ t^ inner surface of the outer cylinder and the 
outer surface of the inner cyj^julur, and flills frorti the surface of one 
cylinder to that of the othei^ Uda process being reflated as the 
sand travels to the lower end of the dryer, when* it is discharged in 



a dry state. This tyjx: of dryer has been largely used for drying 
sand for glass and chemical manufacture. 

The rotary dryer made by Manlove, Alliot & Co., htd. (Fig. 
113), differs from that just dcscrilfrd, inasmuch as the gases first 
peuis around the inner itynnder containing the sand to be dried 
and then through the cylii^er to a fan discharging into a short 
chinjney.*, * 

In the rotary dryer made by Ord & Maddison, Ltd., Darlington, 



the cylinder U suspended by endless stwl chams from a shaft atove 
and is driven by the frictional contact of the chams with the cylmder. , 
The cylinder is provided with the usual scoops to Mt the sand and : 
carry It fiward and'is heated externally, Md alw by a bUst of ^ 
from numerous perforations in a long pipe which pawfe 
jMKlinally throng^the cylinder. The blast of air is partkmlany 
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useful for expelling the steam and for praventjing tiondensation, but 
unless a catcher or trap is provided, much iA th^'iineBt sand will 
bo lost if a powerful blast bl air is ured. The dryer has been used 
very satisfactorily foi* drying sandstone previous to grinding it, as 
such treatment reduces the cost of'grinding. 

A.good rotary dryfr is*,8omewhat costly to instal, but if well 
designed and sufficiently long to utilise the heat Jjroperly, it««’ill 
soon pay for itself in cases where there i*. a sufficient quantity of 
sand to keep it fully employed. „ 

In order to olftain the best results from a rotary drj^er, which is 
probably the most efficient typo available for lar^ outputs, it is 
most important to take the following precautions : (o) The sand 
must not be overheated if it is to Ih) used for foundry work, or for 
other purposes where a moderate degree of plasticity is required. 
(6) The temperature of the gases leaving the dryers should not be 
hotter than is necessary, or much wastt*-of heat will result, (c) If 
the dryer is not heated externally should bo well lagged with 
good insulating material, or much heat will bo Idst. '(d)»A fan is 
preferable to a ehimney for creating the necessary draught, as the 
latter can be much more accurately regulated with a fan. (e) The 
sand must bo brought into the most intimate contact possible with 
the hot air, in order to ensure that the air is being used with the 
greatest economy ; this is effected by suitably designed baffles or 
scoops and by keeping the cylinder as horizontal as possible, con-, 
sistent with a sufficient forward movement of the material. (/) 
The material should bo supplied to the dryer in small quantities at 
very frequent intervals, rather than jn larger amounts at longer 
intervals, {g) The dryer must be large enough and long enough to 
do its work properly; short dryers are seldom efficient'^ so far as 
fuel consumption is concerned. (A) The fuel must be fully burned, 
as partially bumad gases involve d serious waste of fuel. • 

By taking sufficient care to observe these precautions, the 
maximum output may bo obtained with a minimum expenditure of 
fuel and labour. 

Sundry Dryers .—Various appliances may bo used for dr 3 Tng 
small quantities of sand, especially where there is little risk of 
damaging it by overheating. Thus, in some works, the sand is left 
in any convenient warm place until it is dry. 

A simple device, much used in American foundries, brickyards, 
and glass-works, consists of a small coke stove surmounted by an 
iron cone from \he top of which projects a short chimney, the total 
height being about 3 ft. Around the cone and chimney is a cylinder 
of perforated «teel, 3 ft. in diameter. The wet sand is placed in 
the cylinder and is stirred occasionally with a long poker. As it 
dries, the sand separates into individual grains, and these pass 
through the I-in. perforations in the cylinder and accumulate in a 
tiay around the base of the furnace, from which it may removed 
with a £oop. This dryer is not economical in fuel, but for dr 3 dnK 
a few hund^ pounds of stmd it is by no means extravagant, and 



EFFECT OF OVERHEATING 413 

Vi * * 

it is so simple to*u8e^n<i*8o strongly built as to do its work with 
little trouble or*%ttent»n. 

Efl 4 $ts ol Overheating ^ Drying.—For illany purposes the 
temperature attained by sana ^uring the di^-ing process is of no 
importaiice, but for foundry vork, and less /requeiitly for some 
other purposes, care must be taken to jTvoidan excessive tentjiera- 
ture". This is cjtiefly due to the fact that some materials known as 
“ sands ” ar« in reality euixtiires ot sand and clay, and for their 
cffeytive use the plasticity of the clay present must not be destroyed. 
As such destination is readily effected by heatinjflo a temperature 
much exceeding 120° 0. (2ri0° F.) the dryers used for such “ sands 
must not expose the sands to a higher temjicrature than that just 
mentioned. 

Since any temjicraturo below a rsHl heat is not likely to damage 
a sand which is fr<w, from clay (e.f/. most washed sand.s), it is usually 
more economical as well hs more speedy to work the dryer at a 
relatively high temp<!rature, «s # smaller quantity of air or hot 
gases will then suffice to carry off the moisture in the sand. 


CONCENTRATION BY WATER 

Concentration forms part oi tlm treatment of metalliferous 
sands, and consists in th(! removabof the siliceous material from 
the heavy minerals pre,sem. Some of the jiroeesses are similar 
in many respects to “ wasjjing (p. 3S4), though the presence 
of the heavier partieles renders srime modification necessary. In 
many cases, a preliminary washing is desirable to remove the clay 
and “ dirt ” adhering to the .sand ; this washing is effected in the 
same manner as for ordinary sands (|). 384). • 

The principal washers used an- sluices (]). 386), log w'ashers 
(p. 386), mud-wheels (]). 386), wash mills (j). 388), and rotary 
washers (p. 389). , 

In washing, the lighter and smaller particles are removed by 
the water, but in concentrating, the [mrticles of higher sfiecific 
gravity are retained whilst thos<‘ of lower specific gravity are 
carried off. In washing, se])aration is largely luised on the size 
of the particles, but in coneentrating, thi-ir si)ecifie gravity is the 
important factor. , 

Panning.—The simplest method of concentrating metalliferous 
sands, such as those containing gold, consists in panning as des(,Tibed 
on p. 266. The pans usually employed are about»18 in. across 
the top and 10| in. at the bottom, and hold atout 20 lb. of material. 
A man will work 76-160 luinfuls or |-I eu. yd. ol*material per 
day; 100 panfuls or 18 cu. ft. is a good day 's work. This method 
is, of course, slow and is only used for prospecting, mwhanioal 
appliances being used for wa.shing the material on a large scale. 
Buddies.— A very old method' consists in using a huddle, which 
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may be either rectanralar or circular. <'A box-buddle (Fig, • 114) 
consists of a rectangular trough 10-15 ft. Itog, ft. wide, and 
1 ft. 6 in.-2 ft. 6 in^ deep, Inclined at ^n angle of 4-10 degrees. At 
the top is a head-b(5ard-, 15-20 iij. Wide, inclined at an «.nglA of 
16-20 degrees, and .fitted with projecting pins to distribute the 
slurry over the surface of the huddle. The material to be treated 
is mixed with water and allowed to flow down the'^buddle; dilling 
its passage it is agitated by labourers with long rakes, the heavy 
minerals collecting at the top of the incline' and the lighter ones 
at the bottom. * Rectangular buddies are similar to tsluices, t)ut 
are much wider. ' 

■ A circular huddle (Fig. 115) consists of a shallow circular pit. 



Fio. 114.—Rootangulur or box huddle (section and plan). 


with a raised centre, having a depression or cup in the middle. 
The floor of the pit slopes away gradually at an inclination of 
8-10 degrees, and is surrounded by % gutter or laurder. The sand 
and water is poured into the cup in the centre of the huddle and 
gradually overflows down the sloping bottom of the pit. A 
number of brushes suspended over the huddle, revolving at 
10-12 revs, per min., spread out the material os it overflows, and 
prevent the particles from settling too rapidly. In this way the 
heavy particles settle near the upper end of the slope, whilst the 
lighter grams of quartz, etc., arc carried to the bottom and collected 
in the guttei*, from which they are removed at intervals. The 
operation is continued until aliont 9-12 in. thickness of material 
luM col^ted on the table. The material is then separated by 
drawii^ concentric rings and digging out the material between 
each ring separately, u the sandb deposited too rapidly at the 
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upper end of the Vb|| tke blurry should be supplied to the table 
in a thinner 8li]f,|pr shluld be supplied more quiekly. If, however, 
it collects too quickly at the ^wer end of the table, the Hhirry may 
be too thin or is being supplied at too grekt a rate. A round 
buddle 18-26 ft. in diameter, the amis of which make .5-10 revs, 
per min.,’will have an average output gt 11«} cu. ft. per min» will 
carry 28-66 lb. df material, and will require three to ten hours for 
each batch o^material. • . 

Some circular buddies are concave instead of being convex 



and cause the heavy minerals to collect at the circumference, 
whilst the lighter grains pass to the (wntre. Sueli buddies are 
useful for treating materials from which the greater part of the 
gangue has been removed by partially concentrating them in a 

convex buddle. . , - . a i • 

Sluicing is a very simple method of concentration. A sluice 
is a wooden or iron trough, about 12 ft. long and 12-24 in. wide, 
at an inclination depending on the character of the material, 
but usually between IJ in. and 21 in. per 12 ft. The slurry, oon^ 
po^ of sand and water, is fed in at the upper end of the trough 
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and flows down the incline, the heavy partides Settling at the top 
and the lighter ones being carried to the Icwer epU of the trough. 
For treating sand* of 30-40 mesh a ^luice box about 2 ft. wide, 
with an inclination df 1| in. in 12 ft., is usually satisfactory, but 
a sand of about 4-Q mesh require'srfi slope of about 3 in. in 12 ft. 
Somq rough measuremenfs' have shown that the output varies 
as the 1 '75 power of the slope. • 

It is customary to make 4he sluice boxes 1 ft. wide for each 
2 cu. yds. of material treated per hour, and to supply 3000 gall, 
of water per cu.’yd. of material, when the slope of the sluice dox 
is 6 in. in 12 ft. The output varies so greatly that no reliable 
figure can be given, though it is customary to state that a long tom 
or short sluice can deal with 3-10 cu. yds. of material per day. 

Sloping Table Concentrators are of various patterns. One type, 
termed the sweepiwj table, consists of a table 12 ft. long and 4 ft. 
wide, inclined at an angle of 10-12 dt'grees for coarse sand and 
6-6 degrees for fine sand. The slurry is allowed to run down the 
table for four minutes, and the residue is washed by passing water 
over the table for two minutes, after which th6 concentrate is 
removed. Such tables have 'a capacity of 4-30 cwts. per twenty- 
four hours. In some cases the tables are covered with a blanket 
or sheet of canvas on which the concentrated material is collected. 

The cradle or rocker type of concentrator consists of a box with 
a working surface about 40 in. long by 16 in. wide, the depths 
varying from 12 in. at one end to zero at the other. Across the 
box or table are riffles or baffles aboi/t J in. high. The material 
to be concentrated is introduced into the deep end of the box and 
a stream of water is poured over it, whilst the box is given a ro,eking 
motion from side to side. The particles are carried along by the 
water, the heavier ones being caught by the riffles, whilst the 
lighter particles are washed away. With a good rocker and suitable 
material 2-3 cu. yds. of material can be treated per day and about 
90 per cent of the heavy particles retained. 

Rockers are largely used in connection with placer or alluvial 
gravels and sands containing gold. For this purpose it should 
M longer than the ordinary mining rocker and inclined less steeply. 
A strip of Brussels carpet fixed on the floor of the rocker enables 
the fine gold to be retained more easily. 

The percussion table concentrator consists of a shallow, suspended 
trough, 9-12 ft. long and 4-5 ft. wide, inclined at 5-8 in. per 6 ft. 
for fairly coarse sand and 2-3 in. for very fine silty materials. By 
means of a crank the table is moved forward J-4 in. and is then 
allowed to fall back against a stop, this motion being repeated 
twelve to eighty times per minute, thus causing the heavy particles 
to be concenfrated at one end of the table, from which they may 
be removed when a sufficient quantity is deposited. 

A modification of this method of washing metalliferous sands, 
called iossing or tozivg, consists in stirring the partially purified 
material with water in a tub about 30 in. deep, 48 in. diameter 
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at the'top and 42*in. At tl» bottom, and then allowine it to settle, 
whilst one or ^re Inmmcrs deliver eighty to one hundred and 
fifty blows per ramute on thj outside of’the tub. After the whoie 
of the heavy materials have softled, the supemhtant liquid is poured 
off, the upper layers of materiaf Wing discarijed, as they consist 
almost eiltiroly of light minerals, the he,{Jvy minerals having settled 
firetf The pro<^s may be repeated as often as it is necessary 
for the purification of the sand. This typo of concentration is 
chiefly used in separating tin from crushed .rock or from tin-boaring 
sands. , • 

The devices (leseribed above are all intermittent, and they must 
be stopped at intervals in order to remove the material collected. 
Where a large output is required it is preferable to employ a con-^ 
tinuously acting separator, as this secures a greater output in the 
same time without impairing the quality of the separation. 

Revolving btumee are ’similar to the fixed buddies already 
described, except that the tuhlosrotates and the slurry is only 
supplied to almut half the table, the remaining si'ction being used 
for wash water! The tailings flow down one-half of the table, 
the “ middlings ” flow over the next third, and the “ headings ” 
are cleared off by fixed brushes or jets of water just Ixifore each 
revolution of the table is completed. Each portion so removed 
passes into its own division of thi? outside receiver. Buddies of 
^.his kind are rotated in one to five minutes. A buddlc 10-16 ft. in 
diameter will deal with 6-8 tons of sand in twenty-four hours, 
and requires about 1.5 cu, it. of water ix>r min. When treating 
very fine material only about ,8 cu. ft. of water per inin. are required, 
and Jhe output is 2’8-.3-6 tons per day. itJoncavc buddies are 
sometimes employed, the slurry Is'ing supjdied over about one 
quarter of the circumference. 

•A revolving buddle 15-25 ft. fliamcter, with the arms making 
i-1 rev. per min., will deal with U-.‘l cwt. of “ pulp ” per min., 
carrjTOg 4-7 lb. of solid matter per cu. ft. of pulp. The power 
required to operate such a buddle is J-1J h.p. 

Side - percussion tables are inclined tables similar to those 
previously described, either with or without riffles, and sloping 
at an angle of alwut 6 degrees for sand and 3 degnws for fine slime. 
The material is supplied to the lable at one comer, whilst the wash 
water flows down the rest of the tabic. In the Rittinger apparatus 
the table is struck at the side by means of a cam motion about 
70-80 times per min., the table being moved about SJ in. at each 
blow when used for sand or |-l in. when used for slime; the 
knocking causes the material to be spread across the table according 
to its specific gravity, and it is then carried down the table by the 
wash water, being guided by baffles into different rtsceivers. In 
the Lilhrig table (^. 116) a greater number of smaller knocks 
are fpven, usually about 150-210 pr min., the movemeqt being 
J-li in. A belt is fitted over the mclined frame, moving It right 
ao^ to the direction of the water, the slurry being supplied to 

Wt. I 2 b 
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one end of the belt and waab-water t«-thereat. A Lobrig con 
oentrator with a belt surface 12 ft. by 3 ftr6 in.^ travelling at the 
rate of 8-12 ft. pef min. emd struck^ 160-180 blows per min., has 
ui output of 2-8 to^a per twenty-four houre. It requires i-i h.p. 
»operate it. . . » ' 

The Wilfiey table (iTig. 'll?) consists of a rectangular table tilted 
10 that the material flows diagonally across it, the sand and ^ater 
jeing poured on to it at one eomer. Tha upper surfiice is covered 
vith linoleum, ^n which strips of wood ar»» nailed so as to (orm 
ilBes or baffles designed to aid iA separating the, grains of heavy 



Fio. 116 .—Liihrig table (section and plan). 


minerals. Near the comer, where the slurry is fed on to the table, 
the riffles are short, whilst on the opposite side they stretch nearly 
to the lower, end of the table. The riffles are about f in. deep 
at fheir upper ends and taper to nothing at their lower ends. The 
table is struck at the|rate of 24 strokes of J-1 in. per min.; this 
causes the Various mqterals present in the sand to ai^ge them- 
selves daring their passage across the table according to their 
specific gninties. This separator is chiefiy suitable for particles 
between 16- and SO-mesh. The usual output is about 1-2 tons per 
hour, ^r a table 16 ft. long, 6 ft. ■#ide, tamring to 3 ft., with about 
240 strokes each f in. long per min. About 1 h.p. is required 
to opraate it. ^ 
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uiooves are uWynsLjad o? riffles in the table of the Card 
Concentrator, it |^in^ claimed that thcA' are more advantageoua 
for rough concentration. , * • 

The chief difficulty with the^ tables is that small particles of 
high specific gravity tend to'ac^in the^samc wav as larger |)artielcs 
of low specific gravity, so that some of the material is lost, csiH'tially 
as ill many saijds the high specific gravity imrticles are usually 
smaller than those of lower specjfic gravity. This may be largely 
avoided by screening the particles so as to ensure all those on the 
tabfe at any. one time being sufficiently uniform iii size. 

In Br{||^, monazite sand is first treated by the wet jiroei^as and 
afterwards magnetically concentrat'd. 

Tin and tungsten placers are often treated on tables of the, 
Wilfley type. 

In some pcrcui^iion tables, the blows art^ applied to thi' lower 



end of the table instead of the side, so as to drive the material 
upward, whilst the descending water washes.the finer grains away. 
In such tables the heavy particles gradually mount upward and 
are discharged over the top of the table. This tyfx? of table is 
suitable for material between 4Q- ami 80-meah. The Gilpin County 
Concentrator is of this class, and is about 7 ft. long and 18 in. wide, 
the lower 6} ft. being flat and sloping about jj in. jx-r ft., whilst the 
upper part is concave so as to receive the concentrated material. 
Tills table receives 120-180 shocks per min., the amount of move¬ 
ment being IJ-S in. 

Vumers consist of endless belts which slope slightlyf the material 
travelling upwards, whilst the water flows downwards and carries 
away the lighter particles. The belt may be pulsaf^d either by 
end or side percussion. 

The Prue vanner (Rg. 118) is a sidc-percuasion concentrator, 
about 4 ft. wide and 12-27 ft. long, with a slope of |-1 in. per ft. 
Tt moves at the rate of 2-7 ft. per min. and is struck lW-200 timw 
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per min., with a movement of 1 in. Thisyjnadhine only requires 
h.p. to drive it, and is capable of separatflig 5-JO tons of material 
per twenty-four hdurs, using 1-3 galipns of water per min. 

Jigs may be uskl for parties over in. Very fine grains 
are not readily separated by jigs on<account of the excessive amount 
of friction between the grains and their tendency to fonh compact 
masses, which only break up with difficulty. For this reasoii^ fine 
grains are best treated in soroa otjier form of concentrator. 

It is preferaljle for the material to be gt’aded or sized to some 




extent before it enters the jig, as the latter separates the grains 
accorduig to their specific gravities, and if grains of numerous sizes 
are present, large particles of low swcific gravity may act in the 
same way as small particles of high e^ific gravity and only a 
poor separation will be effected. 

A jig consists of a screen of brkss wire or perforated steel ^late,^ 
upon Ti^ch the material to be treated is placed so as to be subjected 
to alternate ascending and descending currents of water, which are 
produojpd either by a piston which forces the water to rise and fall 

> Steel should not be used when sulphides are present, as any oxidation 
of the latter with the formation of sulphuric acid would destroy the steel. 
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through tte sieve IFij, 12('), or B.v reciprocating the sieve verticaHv 
in a chamber con^iii'g water (Pig. 119). Where the sieve .novel 
the amount of movement varies from i»m. for* a line material to 
3 in. for a coarse one, and tnfe nanibcr of niAvementa jw minute 
varies from 150 for fine to 11)0 for coarser particles. Movable 
sieves ate generally used in jig.s worUfll bv fiand, but the ;noro 
modem power jigs are usually fitted with stationary sieves, the 
material being agitatofl l*y the motitvn of the water. For sueli jigs 
the size of the sieve is puited to the output rcpiired, and is generally 



ft 

2-4 ft. long and 1-3 ft. wide, an(l is mounted 12-18 in. below the top 
of the huteh. The depth of solid material on the sieves of a jig 
concentrator is usually about 4 in. Where very tine material is 
being treated in a jig, a bed of material having about the same 
specific gravity as the fine material is necessary to prevent the fine 
material from falling to the bottom of the jig and being lost; for 
coarse particles this is not essential. 

The piston for agitating the water is usually plaeed*in a chamber 
alongside the jig.with a bailie wall 7-12 in. d(«p between. The 
pistw should not fit tightly, but should have t|-J in. clea^ce all 
round. The oscillations may be perfectly regular, or there way be 
a rapid downstroke and a slow upstroke, as in the Collom jig. In 




Fra. 120.—^ig concentrator (longitudinal and cross sections). 
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jV in. dit&neter. inihis. ug a Ipccially thick layer of material is 
kept on the aie^e. H 

The water chJmber or “ hutch ” conteining the sieve may be of 
wood, ^nght-iron sheets, o? 'if cast iron, thotfirst being cheap but 
liable to decay, and the last rathcf heavy, but otlicrwise satisfactory. 
The shape of the hutch varies; a pyftiniidal or fajiering hutch is 
very convenient, as it brings the deposited material to one p(mt, 
from which ht can readilj' be removed periodically. This form of 
hutch is used in the Bjiharz and variou.s other jigs. 

The action of a jig is as follows: When the particles arc sub- 
ject^ to the ascending and descending currents of water, they 
arrange tBemselves according to their sixtitic gravities and form a 
series of beds Avith the lighter materials above and the heavier ones 
below. In this way the heavy metalliferous grains are separated 
from the lighter siliceous material. The removal of the separated 
grains may be effected in two ways—(a) the light grains may ft|w 
over a “ gate/’ in the side of Jhcihamber, whilst the heavy grains 
collect on*the sieve or pass across the sieve and arc removed through 
a second apertu.e at a lower level than the tailings gate; or (6) the 
heavy grains may pass through the hievc and be collected in the 
water chamber, whilst the lighter grains or tailings arc removed 
over a gate above the sieve as lieforc. 

The effectiveness of a jig dej)pnds on (o) the quantity of the 
material to lx; treated at a time, its density and the size of the grains, 
"as well as the ratio between the dianiftcrs of the largest and smallest 
particles; (6) the supply of hvater and its relation to the amount of 
pulp treated; (c) the rate of oscillation of the water or the amplitude 
of oscillation; (d) the speed df the upward aiyl downwanl currents; 
and fe) wKether the jigging is through the sieve or over it, and, in 
the former case, the nature of the bed, its depth, and the size of the 
pajiicles composing it. ‘ , 

Table LXXII., due to T. Sopwith,' gives the particulars of the 
jigs used for grains of various sizes, the jigging being effected ovtl 
the rieve. • 

Table LXXII..Data roa Jios 


DUmet«r of 

OMilUUon i>i-r 
Mlout(<. ' 

D^pth (if Offt’lilatioD. 

QuanUty tnated 
ptir 10 hr. 



lltH. 

rwt. 

. 0-4 -()-28 

96 

21 

• 244 

0-28-0-2 

86 

2 

220 

0-2 -01 

84 

ij 

112 

0-1 -ooa 

82 , 

1 

• 71 

1 - 

• 


Hie amount of material dealt with in a jig concentrator depend 
&1 the area and especially on the width of the sieve. Outputs froi 


« Free. Inti. Chtm. Eng. xxx. KMJ. 
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0'16-9-6 tons per sq. ft. per twenty-four, hairs *hiay be’obtained, 



4 

Fio. 121.—Ore table. 


0'5>2 iions being the avera^. About 1| h.p. is required for a 
one-sieve jig, and an extra ^ h.p. will usually be needed for each 
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additional sievo. ‘T^ aij'ount ftf wat^r used varies considerably, n 
three-sievo jig xeguirwj al)out 34,(K)0 gallons jut twenly-four hours. 

If desired, ji^ may be worked in series, th« inatenal from one 
jig being discharged into a second or tliird .sd as to secure a nn>re 
effective separation. 

The arrangement of the vanous 'irtaeliiiu's re((uired foi; eon- 
W'utrating a sand pr erushi'd rock containing only a small projsirtion 
of valuable ninerai is sjiown in Fig. 121, which ii'|)resents those 
used for dealing with gn ore eontaining only 2 |)er cent of copper. 


CONCENTRATION UN' FLOATATION' 

Concentration by floatation is based on the fact that many 
substances when in the form of ]inwder will float on water, althongii 
they have a highewpecififi gravity than water. Nor is it necessary 
that the solid particles should be coated with a lilm of grease ; 
though speh.a film will usuallf increase the floatahilify. 

The various,floatafion processes may be .subdivided as follows ; 

1. Oil floatation, utilising differences of surfaci’ tension in an 
oil-water medium where the particles are buoyed up by oil, t.g. 
First Elmore process. 

2. Film floatation, utilising differences of surface tension on 
particles at an air-water interface, i-jj. l>e Bavay and Maequisten 

' processes. 

3. Adhesive jirocesses, gitilising’differences of surface tension 
between particles of oil and grease, causing differential adhesion to 
oiled or greased surfaces, e.g. JIurex and (,'altermole greased-plate 
processes.* 

4. F’roth floatation, utilising differences of surfaci^ tension at 
gas-water interfaces, where the ^articles are buoyed up by bubbles 
of gas. 

(o) Whore the bubbles arc pi'oduccd by chemical action, e.g. 
Potter and IX'lprat ])roces,scs. • 

' (5) Where the bubbles arc jiroduceif by releasing the air 

dissolved in water, e.g. Elmore vacuum proi'css. 

(c) Where t^ie bubbles are produced by mechanical means, e g. 
Minerals Separation, ('allow, .fancy, K. & K., and Kork 
processes. 

Each of these processes has its own sphere of •usefulness, but 
for sands and the like containing only a very small ppifiortion of 
valuable material, the surface area of water or oil required to float 
any particles of metal or ore i* so enormous in proportion to the 
weight of the material to be floated that, instiiadaof the water 
surface being horizontal, it is much more convenient if it is divided 
into a multitude of hollow cells, as in a froth or foam. To produce 

‘ According to the Oxford Dvdiorviry. the cuetomnry method of spetliog 
this word—Mtatiou”—is “etymologically unjustiflsblc.” 
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this froth commercially it is neoesstiry tq .ad^t^nall quantities of a 
suitable substance such as soap, saponin, anjfyTalcoiiol, certain oils 
such as turpentine*and eucaljrptus,, aromatic codlpounds such as 
camphor, certain benfcene derivatives•^ch as aniline, cresol, phenol, 
and many other substances. • 

When to water 4rhich has acquired the property of foaming is 
added a mixture of ore and*quartz or other silicqoas matter, and a 
foam or froth is created by shaking or cd.her means* the ore will 
float more readily than the quartz, so that, a separation will be 
effected. < ' * 

The froth usually requires to be stabilised by the acldition of a 
saturated hydrocarbon such as paraffin oil, which enlarges'the angle 
of contact between the air-liquid surface and the water-solid surface. 

The quartz may be rendered still less floatable, and its separation 
from the ore improved, by the addition of a little sulphuric acid, 
soda, sodium silicate, or some other salt. >■ “ 

Hence, on using floatation as a means of separating certain 
minerals from the gangue (quartz, etc.) in a sand, there are three 
factors to be adjusted relative to one another—(«) the cresol or 
other froth-producing substanfce; (6) the paraffin oil or other froth 
stabiliser; and (c) the acid which reduces the floatability of the 
gan^e. Sometimes one agent will discharge two duties: thus, 
suli^uric acid not only deflocculates quartz particles and renders 
them unfloatable, but it increases the floatability of zinc blende, 
whilst sodium silicate behavep similarly with regard to copper 
sulphide ores. Eucalyptus oil, oleic afcid, turpentine, and many 
other oils act both as froth-producing agents and froth stabilisers. 

The proportion an<J nature of the 'salts in the water .used also 
affect the results. Thus, if soap is used the water must be soft. 

There is no general rule that ores are floated and gangues 
unaffected ; almqst any substance can be made to float if suitable 
chemicals are us^, and the problem in each case is to find what 
agents will most effectively separate the substance which it is desired 
to float from the others which are present in the crude sand. 

The proportions of 'reagents required are usually quite small ;* 
indeed failure more often occurs from using too much than too 
little. About 3 lb. of oil, up to 20 lb. of acid, or 3;4 lb. of sodium 
silicate per ton of ore, is all thalfis usually required. 

The sand or crushed rock is mixed with about four times its 
weight of water and agitated by rotating blades. During the 
agitation the lea^nts are added, and after sufficient mixing and 
aeration the frothing liquid is transferred through an aperture 
in the side of the vessel to another vessel containing still water. 
Here the bubbles loaded with mineral particles rise and form a 
froth which ist removed, whilst the particles of gangue sink to the 
bottom, and may, if required, be carried into another vessel for a 
repetition of the treatment. 

The fificienoy of the process is such that 96 per cent of copper 
sulphide in an ore containing only 0-5 per cent of this material can 
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be recovered ('B R cpmA^oial ^cule. The process is particularly 
useful for ores'arid sfedS of very low grada which could not li 
concentrated economically hj any other tnethdd 

In-the use of floatation as a method of‘separation, practical 
procwlure has outrun scientific^ knowledge, so that whilst a largo 
number’of papers and several bookrf,hav() lleen written op the 
practical aspects’of the subject, the seientilie side has been largely 
neglected. Many of th» statementg made in explanation of the 
underlying principles (lo not liear the test of experiment, and until 
thele is m<jfe consensus of opinion on the preehte nature of the 
underlyiM principles, no brief yet eompri'hensive exidanation of 
them can be given. It does not appear certain, however, that 
when a substance has been defloeculated or reduced to a state 
in which it will remain suspended in water it can no longer float 
on the surface. ..2" the other hand, floeculated substances wiU 
float if the aeration is sdffieient. Hence, all floatation problems 
resolve themselves eventu.all_\j into the flocculation and aeration 
of the substance it is desired to float; thus, flocculation is effM’ted 
by the addition'of a chemical substance which must depend largely 
on the colloidal character of tlie silbstancc under consideration. 
The aeration is similarly effected by the addition of a suitable 
froth stabiliser as well as by the use of suitable mechanical means. 
The deflocculation of the gangue must l)e brought almut by another 
, reagent, which, like the one us(si for flocculation, must depend on 
the chemical and physical riroiKu’ties of the substance on which it 
is to react. • 

When once the necessary conditions as reganls the reagents 
to employ and the propt)rtion of ea<’h have been determined for 
any given* material, the process of concentration by floatation is 
a simple matter. 


CONCENTRATION BY AIR 

Concentration by air is .sometimes used for drj»material, the 
lur being used either as a continuous blasf or in a succession of 
gusts. For the former, an air Bei)arator is used. 

The purification of sand by means of a current of air, esixscially 
in connection with an air .separatbr (p. is seldom ])ossiblc 
when day is present. Fine particles of a non-plastic nature 
Wayi however, be efficiently separated by this means, os a current 
travelling at,the rate of 4-4 ft. per sec. will stir up the sand and 
carry on all the particles less than 0-1 mm. diameter. larger 
particles can seldom bo separaUsl efficiently by meana of air. 

A pulsating air separator*is often used for concentrating 
metaUiferouB sands. A dry concentrating table, in* which air is 
naed; consists of a table under w hich is an air-motion blower, which 
causes air to enter the table from below and pass through a nervious 
do^ top, forming an air film under pressure on the upp^ surface 
of the doth. This air film causes the minerals to arrange them- 
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selves vertically in order of their* s^cific mavfties, the heaviest 
being at the bottom. A reciprocating mi&ion irf also imparted 
to the table, whichroauses’the mineia[s to arrange themselves into 
zones. This methocP has* been used for concentrating monazite 
sands in TravancorCj ' , 

Although air sepai^torS, (p. 466) may also be used for' concen¬ 
trating heavy minerals, they are chiefly used for gAding or sizing.* 

. <■ •' 

I 

l&AGNETIC CONCENTRATORS, 

Concentration by magnetic means is often both efieap and 
efficient. Magnetic separators may bo divided into 

(а) Lifting separators. 

(б) Retaining separators. 

(c) Deflecting separators. 

^ t 

In each case the separation depends on the fact that sonic sabstances 
are more readily attracted by a magnet than others. 'Table LXXIII. 
shows the maxima of magnetic susceptibility of various substances. 


Tablk LXXIII. —Maxima of Magnetic Sosceftibiiities of 
Vahiovs Substances, by Volume, in C.G.S. Units' 


Material. 

* ywallty. 

Magnetic 

SusccptlUllty. 

Soft iron. 

Magnetite (pure ciyetallRjcd) 

Magnetite. 

Magnetite. 

Magnetite. 

Majpetite (altered carbonate, 
impure) 

Red Haematite .... 
Red HaematiW (cryatallised) . 
Specular H»M>matite . ' . 
Specular Haematite . 

Brown Haematite 

Brown Haematite (pure crystal* 
Used) 

Franklinite. 

Franklinite. 

Ferrous sulphidp .... 

Spathic ore. 

Clayband . 

Impure carbonate ore - . 

Ilmenite. 

Monazite. 

Zircon . . 

Pleonaste. 

Qahnite ..... 

4 . 

Piedmont 

Hay Tor, Devonshire 
Altenfjoid, Norway 

Lafie Champlain, U.S.A. 
Bottwys Garmon, Car¬ 
narvon 

Cumberland 

Nova Scotia 

Nova Scotia f 

» ♦ 

New Jersey 

New Jersey 

Artificial 

Northamptonshire 

India 

Travancore 

Ceylon 

400 

SU2 , 
i'44 

0-27 

0234 

0-06 ' 

0 00073 
0-00017 
000106 

0 0006 

0 00042 
0-00011 

0-0037 

0-00253 

0-064 

. 0-000559 
0-00069 
0-00068 
0-00147 
0-000069 
0-00000055 
0-000102 
0-000054 


* Duo to E. Wilson. 
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The susoeptiUUitJes i'f coiflmon noh-ferrous minerals—e.y. 
mica, quartz, i^lsparw caloite—aro less than O'OOOOOl ; those of 



H’hi. HiihMoii. Ufl., itumlrm. 
Fi(5. 122.—^fa^lM•tic HttjMiiMtor. 


strongly” magnetic minerals are greater than 0-0(11, “h^ehly” 
magnetic minerals between 0-(MH ami 0-0001. 

A Lifting separator eonsists ess(pitially of a niagiutt which can 
be passed amongst the imAerial to lx- .s'-parated in siieh a manner 
that the magnetic particles adhere to the magnet and aro 


removed rtrlong with it wheif the 
raaghet iS withdrawn from (he 
material. This method is quite 
suitable for very small quantiti(-s> 
of material, but it is too slow to 
be used for large quantities. 

A Retaining separator usuall.v 
consists of either 

(o) A chute or inclined trough, 
in which are a,numbcr of mag¬ 
nets which retain certain of Ihe 
particlcs passing down the trough 
whilst the remainder pass along 
and are separated. The api«i- 
ratus must be stopped at inter¬ 
vals in order that the magncti(- 
mateiial may bo removed frofti 
the magnets. Figs. 122 and 123 
show an apparatus of this kind 
in which the magnets arc in the 
the trough, so as to disturb the 
separation. For cleaning, the flov 



Wm. litiuUmt Ltd., ttunlm. 
Fm. 123.—Magn«tic spjmrator. 

form of a sfrien of baffles aciross 
I water and secure an^Sective 
! of material is stopped and the 
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electric current switched off. The* magnetic ipaAicles can tnen be 
washed down with water and the apparatiB sta^d again in .less 
than five minutes. • * . 

(6) A drum or ihilleyi formed <5f a series of magnets, which 
rotates whilst the material to iJe; treated passes over it. The 
attracted particles adhpre ilplil the drum has reached a prearranged 
part of its revolution, when the electric curraift, which erdhtffi 
the raamet is automatically shut off, an«l any adherent particles 
then fall away into a suitable receiver. Aj* the drum continues 
to revolve the elfectrio current is again applied automatically and 
the drum again becomes a magnet. Instead of‘one magnet, a 
large drum with several magnets on its circumference may fo used. 

In some cases, instead of allowing the mixed materials to flow 
directly over the drum, they are carried on an endless belt, the 
magnetic drum serving as one of the pulleys, ^s in the Ingranic 
Separator (Fig. 124). This arrangeraent'works in a similar manner 


■\ 




I 


tStirievant Engineering Co., lAd., I/mdon. 

Fio. 124.—Ingranio magnetic separator. ' 

to the magnetic drum just descrilfbd, but the use of a belt is some¬ 
times more convenient. Another separator of this type is the 
Wetherill Separator (Fig. 125), which has three electro-magnets, one 
of wMoh foriffh one of ^the pulleys supporting the belt upon which 
the material to be separated travels. ’Die magnetic grains are 
carried round the pulley and fall into one receiver, whilst the non- 
mametic particles shoot forward and fall into a second compartment. 

IhirtW classifying into strongly magnetic and weakly magnetic 
materials may be carried out ‘by the use of two cylinders, the 
second having a higher speed or- a weaker magnetic field. This 
method is employed in the “ Monarch ” separator, in which the 
material falls on to the first cylinder and is separated from the 
magnetic material. Just as the latter falls from this cylinder it 
is caught by the magnetising zone of the second cylinder, but only 
the strongly thagnetic particles are able to be held, and so a further 
classification into strongly and weakly magnetic particles is effected. 
A mocMne of this kind with cylinders 2 ft. diameter, the first 
revolvii^ at 40 revs, per min. and the second at 60 revs, per min., 
separate 15-20 tons per hour of material between 16- and 20-meeh, 
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the i^wc* lequir^ lfcing«abouf l-l^ h.p. for thenagnete of each 
cjdinder Md J-f ji.p. »r rotating the cylinders. 

A similar separation m.‘jj» be effecifed by •using a horizontal 
cylinder which revolves bet*berj the two pofcs of a fixed electro¬ 
magnet, these poles surrounding the greater part of the cylinder 
The^ point of ^rongest attraction will'be pxactly on the ijcntre 
line through tli®.mapiets, and the ^siint of least attraction will 
be at the litwest pointvto which the material is carried bv the 
revolving cylinder. Thus, the stronger the magnetic properties 
of the the further will it be earned if)und, and so by 

arran^j^ hoppers in suitable positions lieneath the cylinder the 
material may be divided into several groups each of a different 



la^etic intensity. This arrangement is'adopted in the Inter- 
ational Separator. 

De&eoting sfparators are those in which some of the material 
I drawn aside by the magnets and so separated from the remainder, 
he simplest separator of this type consists of a narrow inclined 
able or trough, down the sides of which arc fixed a series of magnets, 
us the material flows down the trough the readily magnetised 
articles are deflected and adhere to the magnets. Stating 
rum magnets, such as those described on p. 430, are sometimes 
egarded as deflecting separatoi^. 

In all magnetic separators it is important (a) to tse sufficiently 
trong magnets—preferably electro-magnets, as their intensity is 
inder bet^ control; (6) to allow the material to be separated 
o be in as close contact as possible With the magnets, as\u inter¬ 
vening substances, such as belts, etc., reduce the efficiency of the 
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separation of the smaller particle®; (ci.to Alleyw ample time for 
the desired material to reach and adhere^^ th<» magnets, gad, 
the case of rotating magnets, tp allow the adherent material 
be carried sufficidhtly far to ensare a complete separation. If 
a rotary electro-ma^et is used, thfi ponstruction of the commutators 
is important, as a quick “ inhke and break ” is essential. ' 



ELECTROSTATIC CONCENTRATORS 

Electrostatic separators (Fig. 126) are sometimes used for 
concentrating dry materials, 'fiiby depend on the fact that, if 
a stream of material is brought into contact with an electrically 
charged body, those particles in the stream which are good con¬ 
ductors,of electricity will become similarly charged and repelled, 
whilst those which are poor conductors will continue their flow 
undisturbed. A still more definite separation will take {dace if 
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the whofe ol tne’nyiteil)! Is tfrst chsrgwl negatively and is then 
brought into ‘<i»ntao^ijwith a positively charged body. There are 
various forms of elpctrostatic.separatorS) but the essential features 
of all are tW the material flows down an'inclined chute which 
is negatively charged and -tlujif falls on to a positively charged 
revolving cylinder, at the side of v^lch is a second ncgi\tively 
sUarged electrodt^ The particles, wjnch are good conductors, are 
immediately* repelled fjotn the reyolving cylinder, wliilst those 
which are poorer coijductors continue to adhere for a length of 
tiiAe depenflihg on their conductivity. By fhis means it is 
relatively easy 'to separate a material int o thi-ce different portions, 
viz. highly conductive, medium conductive, and feebly conductive. 
As different minerals vary in their electrical conductivity they may 
be separated in this way from one another. Thus, magnetite, 
magnetic Umenit^ magnetic haematite, pyrrhotite, chromite, 
ilmenite, haematite, wiflframite, pyrites, columbitt', tantalite, 
gold, etc., are highly condjictive; ferriferous amphibolcs and 
pyroxenes, ’black biotite, tourmaline, titanite, nitili“, anatasc, 
brookite, and'cassiterite are medium conductors; and sideritc, 
xenotime, epidote, olivine, staurolitb, garnet, nionazite, gypsum, 
quartz, chalcedony, felspars, caltatc, dolomite, cordieritc, muscovite, 
apatite, andalusite, silliraanite, fluorite, diamond, topaz, kyanite, 
ipinel, corundum, cclestitc, zircon and barytes are ]x»or conductors 
)f electricity. 


PURIFICATIOli BY CHEMICAL AUriON 

'fhe chemical treatment of sand is only used in special castfs as 
it is expensive, and in most cases sand can be sufficiently well 
cleaned by other means. 

Hydrocldoric acid has been ustjcl to some exieni for renioving 
iron compounds from sands. It is useful in some caws, but is 
seldom completely satisfactory, partly Ixa^au.sc stPftic iron com- 
• pounds are unaffected by hydrochloric acia even when heated to 
high temperatures, and partly liecnuse the acid cannot penetrate 
to the interior (jf the particles, and so does not remove the wholly 
enclosed iron compounds ; when the saml is used for ony purpow, 
such as grinding or glass pianufacture, in which the interior of the 
grains is eventually exposed, such enclosed iron compounds m^ 
then have a serious effect. For this reason, the treatment of sands 
with hydrochloric acid is only of value when the whole of the iron 

is in the form of an exterior coating on the particles.. 

Iron compounds may be removed from kicsclguhr by muang it 
with hydrochloric acid (specific gravity l-l) to fornt a fUiid-paste 
and then heating the mixture to C. The mass is cwlcd, washed 
with water passed through a filter press, and the cakes dried and 

ignited. ., , ■ 

Instead of being treated with hydrochloric acid, sands may be 



434 CALCINING SAND-ROCKS 

mixed with common salt and h^ted te-remosS. ^fhis lesuHs in 
the formation of ferric chloride, which is wlatil^^d so escapes. 
Unfortunately, salfPis no ihore efficient than hydrochloric acid, but ' 
it is sometimes cheajfer to use it. ^ * 

Concentrated sujphuric acid is,used for removing iron oxide 
from ^.rtificial carborupduifi sands, which are used for abrasive and 
refractory purposes. , •’*.*** 

Tscheuschner in 1886 recommended the removal of iron oxide 
(limonite) from sands by sprinkling 64 part» of sand with 8 parts 
of a solution of 3 ^larts of salt, and 2 parts of concenjtrat«d sulphurie. 
acid and 3 parts of water. The mixture is heated to redness. The 
product is treated with water and the iron removed in solution as 
a chloride. J. G. A. Rhodin in 1914 patented a simplification of 
this process, which consists in heating the sand with 2| per cent of 
common salt to a red heat, and afterwards lixigiating with water. 
Both Tscheuschner and Rhodin’s processes are expensive, and arc 
seldom used, as sufficiently pure n^itural sands can be obtained 
cheaply. 


Nitre cake has been used ^quite satisfactorily folr cleaning glass 
sands, and is also used for purifying artificial corundum sands. 
The same process may be carried out by using sodium hydro- 
sulphide at a lower temperature. 

.Mmost the only sands which are chemically purified on a large 
scale are those used for making optical glass, as the methods of 
purification are costly and can only be used in special cases. 


CALCINATION OR BURNING OF SANDS AffD 
SAND-ROCKS 

Sandy materials are sometimes calcined in order to improre 
their quality, or for some special purpose in connection with their 
use. Thus, kieselguhr is sometimes calcined in order to bum off 
any carbonacw^us matter which may be present, and to leave a 
white, or nearly white.Mdeselguhr. ■ • 

Simdstones and silica rocks are sometimes calcined or burned 
in order to render crushing easier, and also (wherq they are to be 
used in the manufacture of silica bricks) to change the silica into 
tridymite and cristobalite (p. 226). 

Glass sands are also improv^ by burning, as this treatment 
drives off anj^ water present, as well as organic matter, and so 
improves the colour of the glass. 

Dirt and poal may be included or mixed with sands during 
transport, but may be largely rembved by careful burning. This 
is specially nsoessary in the case of sands for the manufacture of 
opt^l glass, as they need to be very pure. 

Some sands become darker when burned; this is due to the 
oxidatidfi of the iron present and the consequent production of the 
red colour characteristic of ferric oxide, or of the darker fenone 
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silicate if the bun8n|^haS’ be5n Effected with an insufficient amount 
of air. Severaf ^ritiffe sands darken in this way, some pun- white 
sands becoming grey or pinkii^h in colour, thou^ the pun'st simds, 
such as the glass sands of Aylesbyry, Godstone', and Reigatc, remain 
pure white after burning, as d* also fleeted portions of the sand 
from Muokish ^Mountain, Co. Donegoj’ Iryland, and that •from 
Abefgele. ^^ao&h sands usually darken eonsideraljly when they 
are burned. * 

• ^rae of the pure white sand¬ 
stones of t<ie Carboniferous age, 
such as t|mt found at Guiseley, are 
unaffected in colour by burning. 

The kilns employ^ for calcin¬ 
ing sand and sand-rocks depend 
largely on the uAture of the 
materials. In the case of sand- 
rocks, in which the piecesi of 
material *aro’ comparatively large 
and hard, a shaft kiln may be 
employed. This type of kiln (Fig. 

127) consists of an upright column 
or shaft into which the material is 
fed from above, and passes out at, 

,or near, the ground level. The 
fuel for burning the material may 
be mixed with the stone—alrornate 
layers of fuel and stone 
plac^ in the kiln, or the fuel may 
be burned' in a number of fire¬ 
places or burners so that only the 
preducts of combustion pass into 
the kUn. The former method is 
seldom employed, the latter being 
much more satisfactory, especially 
If producer-gas is used as fuel, as 
there is practically no contamina¬ 
tion of the sand by the nsh fipm Fio. 127.—Shaftkiln. 

the fuel. 

Shaft kilns may be worked either intermittently or eontm- 
uoudy; in the former, each filling of the kiln^ constitutes a 
separate operation, whilst in the latter, the materials may be 
continuously fed into and drawn from the kiln. Intermittent 
kilns are only employed for sjnall outputs and afe not usually 
buflt more than 10 ft. in diameter at the top, and 5 ft. at the 
bottom, and 20 ft. high. Continuous shaft kilns niay be up to 
60 ft. high, from the feed-hole at the top to the draw-hole near 
the bottom. , 

Whilst a shaft kiln is simple in construction and econoMcai in 
fod, if properly controlled, it has several disadvantages which may 
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bo oTorcome to some extent by cardful-deslgmng. xne piuivijnu 
disadvantages arc: 

• 

1. The kiln is liable to become choked, with the result that the 

bring is irregular. This 'cjn, -to some extent, be avoided 
, by blowing'air thf^bgh the material during the burning. 

2. The heating may be jrregular unless thp'flreman is •both 

skilful and conscientigus. > 

3. A shaft kiln is nut suitable for material containing much. 

powder,’as it then chokes too easily. . ' 

Single-chamber kilns are sometimes employed for' calcining 
blocks of material, such as sandstones, silica rocks, etc., which do 
not fall to powder when burned. A single kiln consists of a brick¬ 
work chamber round the base of which fireboxes arc placed, so that 



the products of icombustion fronf the fuel enter the chamber, pass 
through the material stacked in the kiln, and escape to a chimney or 
are drawn out by means of a fan. Such kilns may be either circular 
or rectanguHtr, and the gases may pass in either an upward or 
downward direction. "The advantage of up-draught kUns is that 
they are very simple in design and are easily repaired, but they 
have the disadvantage of being wasteful in fuel, ss the gases pass 
to the chimney before the heat in them has been fully utilised. 

In down-draught kilns (Fig. 128), the gases from the fireboxes 
are brst passed up to the top of the kiln, through vertical flues 
termed bags, a'nd are then drawn down through the material in the 
kiln and out through a perforated floor into flues which are connected 
to a chimney or fan. In this tyro of kiln, the distance travelled 
by the gases is very great, and co^equently the heat is more fully 
utilised that! in an up-draught kiln. Down-draught kilns are, 
however, more complicated in construction, and consequently require 
more skill in use and maintenance. 

In mmB rectangular single kilns, the fires are placed at one end 
and ^e chimney at the other, the gases then travelling chiefly in a 
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horiaontal Sinh*«kihis with a horizontal draught arc 

frequently known idf-Jjyswoastlc kilns. 

CpnUnuous-cIlamber kilns somctiatcs rnqdoycd for the same • 
purposes as single kilns, bu#4hcy have the atlvantage of utilising 
the heat in the gases more fully’and so arc cheaper to operate. A 
continudus kiln consists of a number* itf singlt! kilns either of the 
up-draught or j^jyn-tjraught typt', ancf, in Aimo cases, of the hori¬ 
zontal drau^t type, cqpnoeted together, so that the waste gases 
•from one kiln or ehayiber, instead of passing to tin* ehiinney, are 
discharged into the next chamber, and then intoathe next, and so 
on, until the llbat in them is fully utili.sed, when the gases are 
allowed to pass into the chimney and escaiie. By building several 
chambers or kilns together in this way the cost of building is con¬ 
siderably reduced, and the fuel consumption is less than half that of 
each separate kiln. 

The difficulty m chokifig is also i>resent in this tyjKj of kiln, and 



materials which are likely to fall on burning should notAre fired in 
them. Continuous kilns are only suitable for outpi^B of 30-40 tons 
• of rock per day. ‘ 

Reverberatory furnaces (Fig. 129) arc tiscal for calcining metal¬ 
liferous sands, fhiefly in order to extract from them any metal they 
contain. A reverberatory fu’niaco consists of a long hearth m 
which the material to be heatal is plactal; at one end of the 
furnace is a firebox and at the other a chimney. The products of 
combustion from the firebox pass over the materiid on the hearth, 
heating it in their passage, and finally passing away through the 
chimney at the opposite end. The arch of the funvacc is built so 
as to reflect the heat dowm on ft) the material and so ^;uro effective 
and uniform heating. In some cases, the hearth hi heat^ from 
below as well as from above ; this method effects a saving in fuel. 

Routtng furnaces are used for treatmg mctallifcr^s sands 
chiefly as a preliminary to the recovery of any metal thef co^in. 
Bi the hand-operated type, the furnaces consist of a number of 
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floors arranged one above the other bi£^ eaSh fldor «om- 
municating with the floor below ; the mater^l placed on the floors 
is raked from one flpor to another by, hand, whilst’the gases travel < 
in the reverse direction and heat th# material in their passage. 
This type of furnace is only suitabte for materials which are in the 
state of a coarse powtler. • • 

Mechanical roasting furhaces are used in treatments oi 
metalliferous sands. A typic^ mechanic^) furnace consists of a 
series of either horizontal or slightly inclined floors, one above the , 
other; the floors aic perforated so that hot gases may pa^ upwards, 
through, and over the various floors and out at tlfe top. In the 
centre of the furnaoc is a vortical air-cooled shaft which barries a 
number of horizontal arms fitted with rakes which stir up the 
material on the floors. These arms may, if necessary, be water- 
cooled. The material to be heated is charged on to the top floor ; 
it is stirrcil by the rakes and gradually* falls fSom floor to floor 
until it is discharged at the bottijni, the gases meanwhile passing 



upwards and heating the material in its passage. The chi^ 
advantage of this Vytie of kiln is in its simplicity ; it requires little 
skill in operation and is cheap to work, but has the disadvantage of 
high initial co^u'Mid requires mechanical power to operate the rakes. 

Rotmy kilns (Fig. 180) are only used to a very limited extent 
for calcining sands, though, where they can be economicafly 
employed, they are probably the most satisfactory l^lns to use. A 
rotary kiln consists essentially of a'steel cylinder or drum lined 
with fire-bricks or other refractory materis*k; the drum is slowly 
rotat^ about an axis slightly inclined to the horizontal. The 
material to be heated is fra in at the upper end of the kiln, aund 
the fuel and air are injected at the lower end. The material 
gradually passes along the drum, being agitated daring its passage 
by the rotation of the drum, and sometimes by baffles in the lattw, 
and is finally .discharged at the opposite end of the kiln. The 
cylinder may be of any desired length, according to the amount (d . 
' heating necessary, but is not usually economic when less than 
IW ft.lorijg and 6-9 ft. diameter. It may be lined with any suitable 
refractory material, the most satisfactory being one containing. 
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ftbotit equal prcpcM^s oi tdlicS and alumina, made of a mixture 
of fireclay and 6^uxit<k The kiln is usually supported on two or 
three pairs of roller-Jiearings, js'aoed at a tionvenient distance apart, 
and is driven by a toothed wheel surrounding the cylinder and 
actuated 1^ a worm wheel drivgi! by means of a suitable reduction 
gearing.' The speed of rotation varies frbm 20-to revs, per hojir. 

* The fuel gen^fally used for such rotary kifns is a fine bitummous 
coal-dust, tmugh natuwl gas, producer-gas, and petroleum are 
■used to some extent.. The coal is thoroughly dried and ground 
so as to leage only about 15 per cent on a sieve having 180 meshes 
per linear inch.* The powdcrt'd coal is conveyed to hopjxsrs and 
is introduced into the kiln at a regular speed. A blast of hot air 
drives it into the kiln and ensures its rapid combustion. As the 
coal is very finely divided it is completely burnt, and does not 
injure the materiaLwhich is being heated, except in So far as con¬ 
tamination of the latter b.f fuel-ash is harmful. 

At the discharge end of th(;kilti, a cooler, which usually consists 
of an inclined rotating drum, is fitted to cool the material before 
it is discharged"; if desired, water may be used to sprinkle on the 
material and so cool it more rapidly. * 

Rotary kilns are quite continuous and very economical in fuel 
and labour. They can only be usccl, however, where a very largo 
output is requir^, as rotary kilns with small outputs arc not 
,economical. The cost of installation is very high, and this also 
necessitates a large output. Unlike the other kilns mentioned, 
rotary kilns are only suitaUe for powdered materials ; large pieces 
are imperfectly burned. 

^e calcination or bumihg of sands and sand-rocks may bo 
carried out in either an oxidising or reducing atmosphere, aexsording 
to local requirements. Sand-rocks such as sandstone's, quartzitos, 
ets., which arc heat^ to convert them into tridymit,e and cristobalite, 
or which are heated to render them easier to crush, also glass sands, 
kioselguhr, etc., are calcined in an ordinary oxidising atmosphere. 
Metalnferous sands may, in some cases, bo heated m on oxidising 
•atmosphere, but in others a reducing flahic is necessoi^; the 
putioular conditions must be adapted to the netids of the material 
Mi^ heated. • 

"flie temperature and dufation of heating depnds on the 
purpose of the calcination. Where a sandstone is calcined to 
render crushing easier, a temperature of 900°-1000° C. is all that is 
necessary, but where it is desired to convert siliciuinto tridymite 
and ciistobcdite, a much higher temperature—about 1400° C.—is 
required, and the heating must be continued for a vfry long time, 
whereas in the first case it is mbrely necessary to heat up and then 
cool quickly, if necessary by quenching the matesial in water. 
Where it is merely desired to &ve off any carbonaceous matter 
which may be present, a temperature of 800°-1000° C. is renerally 
sulBcdmit, piovUed an ample supply of air is passed thitugb the 
kiln. 
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For roasting metalliferous sands, ^b«-tenlperature depends on 
the nature of the metal and the change vhich is desired - the 
heating should effect. When the metallic compoimds are to be 
reduced and the crutle metal extracted from the sands, a highly 
reducing atmosphere is essential, '^d- usually the sand must be 
mixe4 with coke, charcoal^‘or other reducing agent, prior to its 
entering the furnace. A shaft kiln (known in thiet^se as a “ Blaift 
furnace ”) or reverberatory fyntaco is usually emplttyed for this 
purpose, the molten metal being run off through a tap-hole in fhe* 
side of the fumsfce. It is not usually economical to #.reat crude 
sands in this manner; the desirable mineral in tiiem ig usually 
separated by a process of concentration, and the rich ore so produced 
may then be smelted by one of the processes ordinarily used for 
rich materials. 
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SIZING OR GRADING SANDS 

Sizing or grading the nroccss of dividing a sand into particles 
of various sizes. It should sildom lie, omitted, no matter what 
may be the purpose for which* sSnd is to he n.sed, though in some 
cases a partial fading is sufficient. In the mo.st primitive (^ases, 
grading is used to separate small grains of sand from |K>bbles, 
gravel, flints, or from other relatively large pieces of undesirable 
matter. In other work.s, it is used as a means of separating grains 
of desired sizes from the rest. In the ease of placer sands, which 
contain particles of valuable metals or ores, sizing is nwessary 
.in order that the elassiticrs may work to the best advantage. 

A perfectly graded sand|Will eonbain no grains larger or smaller 
than those specified, but jierfect grading is seldom attained and 
w'ould, in most cases, Ik; preil^bitive as regards cost. Consequently, 
the gradiiig is usually effecti'd within fairly w*ide limits, the silectM 
grades depending on the jiartieular ]mr|H)sc fur which the sand is 
to be used. A very convenient series of grades, used for many 
years by the author, is shown on p. 241). • 

A series of grades proja)8ed by Ifoswdl is shown on p. 211, 
that proposed by If. W. Taylor is shown on n. 2SfI whilst 
other series of grades have Iwen pro}K)sp<l by singer If. 211) 
‘and Mellor (p. 211). Unfortunately there is no generally accepted 
standard series of grades, but if wherever imssiblu the I.M.M. 
standard sieves ^p. 247) were used, the need for a standard grading 
figures would be leas marked. Accurate standard screems are by 
no means necessary for use on a large scale, but the product from 
the screens actually employed should Im tested ^with standard 
sieves from time to time so as to ensure its general conformity 
to requirements. The use of standard sieves for this purpose 
has bwn described on p. 246. , 

The separation of the sand into particles of various sizes may 
be made with either wet or dry sand according to convenience. 
Where the material has to be washed as well as sifted, it is usually 
easier to sift it in the wet state, but sands which are mereW diypip, 
vet do not require to be washed, should usually be dried before 
being graded. 
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Sizing or grading may be eSecled* by- thibe prmcipai metiiods, 
namely; 

(o) Screening of (gifting the wet o^dry material. 

(6) Water grading. 

(c) Air separation. 

• , 

The first mentioned is generally used for tlfEi comparatively 
coarse grains, whilst the last tp'o are used for the finer grains which 
cannot be conveniently separated by sieves cjr screens. 


SCREENING OR SIFTING 

Screening or sifting is the process usually employed for separating 
into different sizes all sands with particles coa(^r than 0-0026 in. 
diameter. Grains which are finer than tliis cannot be conveniently 
sieved but must be classified by meaps of either water or air. 

Screens or sieves are of various kinds, the principal'on6s being : 

(1) Fixed screens, which, may be (o) flat, (6) conical, or 

(c) cylindrical. 

(2) Movable screens, which may be (a) reciprocating, (6) rotary, 

or (c) sieve-conveyors. 

The terms used to describe screens are rather loosely applied.^ 
Riddles are ver^ coarse screen^ A sieve or screen may be regarded 
as a riddle having moderately fine opeiAngs, whilst a lavm is a verj- 
fine screen, having 100 to about 360 holes per linear inch. These 
terms are not standardised, however,'^and the term “ sieve ”,may 
be applied to a “lawn,” whilst the term “screen” is Often used 
.for a “ riddle,” and vice versa. 

Fixed flat sor,pens consist, usually, of a flat surface, or sheet 
composed either of a meshwork of wires, a number of straight 
wires (.1^ 131) forming long slots, or a perforated or slotted metal 
plate. The t«L'm “ flat screen ” is used even when the screening 
surface'is inclined, so ^hat the material supplied to it may travu.* 
down the incline and so enable the screen to work continuously. 
Perfectly flat screens are only used on a comparatively small scale ; 
they must be emptied peri<^cally,'or they will become filled with 
coarse material wmch will not pass through their apertures. 

When the screen or sieve is horizontal it may be held in the 
hand, or more'conveniently, it may be support^ on two strcmg 
ban. A suitable quantity of the sand is then placed in the eieTS 
and the latter is shaken or moved backwards and forwards so as 
to aid the smaller particles in passing through it. Sometimes 
it is more convenient to keep the sieve stationary and to rub its 
contents gently until all the particles which can do so have passed 
throughjhe sieve. Such sieves are only suitable for a smaU output, 
andtneif use is often tedious. 

wiiAii an inclined screen or sieve is used, the crushed stone e* 
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and is supplie® upjjprVnft of it in a uniform manner acn)S8 
he vhole width S}f the dcreen and elides down it, the finer mrticles 
tassing through the jneshes ly •perforatiufis of the sieve whilst the 
loarse particles which will not jjiss through fall off at the lower 
md as “ tailings.” The screciv must, of cour^, tx> of sufficient 
ength (or a series of screens must be l^jicd) to eipiurt' that all the 
iKIalftr.,.particle?'are separated. Mapy inefmed scitsms are too 
ihort and too* steeply indued to do fheir work projaTly, with the 
(esnlt that a very imperfect scjairation is effectcal. 

ft must,be clearly understofsl that with an*incbnial screen 
ihe largest particles passing through it will nut correspond to the 
aiesh or perforations of the scretai, but will be the ” jmijection ” 
rf such apertures on to a horizontal plane. Thus, if the scretin 



were a sheet of steel, with holes J in. diameter, incliilM at m angle 
M 46 degrees, the effective size of its perforations would be O-OSTfi in. 
or about three-quarters of the apparent aperture. Owing, however, 
to the rate at which the particles slide over a sheet of smooth 
metal inclined at such an angle, most of the particles will be leas 
than in. diameter. Hence, the aiUual size of the particles 
separated can only be found by trial, as it depends on the inclination 
of the sieve and the speed at which the material ttavels over its 
surface. In order to prevent the material from passing too rapidly 
over the sieve, it is sometimes desirable to make thta sieve in two 
or more parts—one sloping at 4 fairly steep angle and the others 
at a smuler angle. By wiing this, the speed of thh material is 
lessened by the baffling action of the later slopes. The same 
effect may sometimes be obtained by arranging small baffi^ across 

g e surface of the sieve, which arrest the speed of the material 
some extent, and so render the screening more efficient. 
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The efficiency of a flat or inclinld jsiev# aSo d^pen^ on the 
kind of material to be screened. Wherqf this ^<>Dntains a large 
variety of sizes, it is mdte difficult to obtaia a good separation, 
as the smaller partidles become mixOT with the larger ones and arc 
not sufficiently sepayated in the shost time during which the material 
passes over the screen. When most of the particles are'of a size 
which will pass through the screen and only B*emall propdititn 
are larger, the separation is nyich more efiicient. • 

Coarse material may be more efficiently screened than fincf 
as the holes, beffig larger, are less likely to become cipggcd. The 
kind of apertures employed is also very important; th(^ may Ik‘ 
formed by either (a) wire gauze, (6) parallel wires, or (c) as perfora¬ 
tions in a plate of steel or other material. 

Gauze or mesh-cloth is not usually satisfactory for a fixed sievas 
unleas some means is employed for vibrating jt so as to prevent 
the clogging of the holes. When a suitable vibrating arrangement 
is provided, gauze is very satisfactory for comparatively fine 
particles. It is unsuitable for very coarse screening oft account 
of its lack of strength. Gauze sieVes are designated by numbers 
which, in this country, start? the number of apertures per linear 
inch. Thus, a No. 24 sieve has 24 holes per linear inch, or 676 holes 
per sq. in. On the Continent it is more usual to specify the number 
of holes per sq. cm. Such Continental designations may be con¬ 
verted into the corresponding numbers by multiplying the square, 
root of the Continental figure by 2^. Thus, a Continental sieve 
designated as 4900-mesh, i.e. having 4900 holes per sq. cm., will 
correspond to 70 x 2J, or 175 in the .^Inglish standard, and will be 
equivalent to a No. d76 klnglish sieve. Conversely, an English 
No. 25 sieve would correspond to (25 -r 2or to a No. 100 -Con¬ 
tinental sieve. 

Some Continental manufaetdrers designate their sieves Ay 
numbers which correspond roughly but not accurately to the 
English'iiSw'.es. 

Table L38IIV. gives various figures which may be used in 
comparing sieves desi^ated in different ways. T 


Table LXXIV. —Nbmbebs and Meshes or ^Sieves 



pvr 

Linear Inch. 

Meffhea per 
Sq. In. 


900 


3,000 


g,100 

too 

10,100 

120 

14,400 

160 

22,600 

200 

40,000 


Meshea per Cm. 

Meshes per 
Sq. Cm. 

12 

144 

24 

676 

36 

1296 

40 

1600 

48 

2304 

60 

3600 

80 

6400 


A difficulty experienced in connection -with sieves designated in 
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me of tlie afSife-iAeiRiontj! Vats is that it is not possible to tell 
what siz^ apertures contain, as this depends on the tliickness 
of the v^ires useu. ,To oveirnitio this, a series* of standard sieves 
have been prepared by the Institute of Mining and Metallurgy in 
which ail the apertures are tip;* same diameter as the wires. In 
the United States a different standard ft, unhirtunately, used, and 
tendt to oau8e_C()nfu$iun when Britisfi and American results are 
compared, ffhe Englisla Standard sieves and senams are shown in 
itFable L. on p. 247. 

"When gfuze or silk is used, the wires or tlm‘a»ls tend to stretch 
and to sag, and arc liable to be forccul ajsirt. thus allowing larger 
particles'to pass betwi-en them. It is, therefore, imporlant that 
the size of the particles passing tlm sieve sliould Im' tested iN'riodie- 
ally so as to ensure that the .sieve is in proper working order. When 
larger particles are^otind, the mesh of the .sieve should be carefully 
examined, and the defect rejjaired. The gauze may be made of 
iron, steel, brass, bronze, or le.ss frequently co])|)er. ‘Mskwns" arc 
usually thade of silk ; they are too delicate to be used on a very 
large scale. Tlie non-ferrous •metals may 1 k‘ used for very lino 
screens and where it is desired to Vvoid eontaniination by iron. 
Phosphor-bronze is largely used for the liner sico es, on account of 
its hardness and toughness. 

Small sieves may l«! made in one ])ie<'e, but larger on(M are 
^ usually in sections, each mounted on a suitable frame and fixed 
into the screen framework. By djviding the gauze into scidions 
repairs arc facilitated, no linneee.ssury waste of gauze occurs, and 
replacements can readily l)c made. If thi; screens are projterly 
designed- a defective piece Sliould be reimwcd and replaced by a 
sound onb in the course of two or three minutes. This is very 
important, as it rediices the time lost by the slo))page of the 
apparatus to a minimum. • ^ 

Another reason for using mod<>rately small frames is that unless 
the gauze is tight it is imiwssihle to vibrate it |iroperlg^nd tight 
gauze cannot be obtained in a large frame owing *o the tendency 
I of the cloth to sag. Screen frames measiWng 0 ft. by t ft. are 
about the maximum aiz(! which gives the jnost convenient handling 
with ease of replacement and low cost of repairs. It is also dl^8ir- 
able that the frames should’b<! sufficiently small to enable the 
required tension in the gauze to be obtained without straining it, 
because it is very important that the screening surface should bo 
taut so as to give a good separaticai; 40 jit-r cenit or more of the 
fine material may be left in the tailings through a screen not being 
sufficiently taut. As the wire is certain to Btret(!l!i in use, some 
means should be provided foi* tightening the gauze from time to 
time. 

For further information see p. 448. 

Parallel ban and wires are used for screens or riddles where the 
particles are globular or free from flakes or long thth pdeces. 

" Grids ” or gratings composed of a series of parallel bars with a 
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definite space between them are bx((d%pt ^r%epbfatmg pebbles 
and other coarse particles, but they are seldijm efficient if 3ie spaces 
between the bars are les»than J in. wide. TJhef largest grids are 
often known as “ grizzlies,” and they are chiefly usm to separate 
small stones or gravel from sand,‘q^ the small pieces of rock from 
that which requires to bef crushed. Being very strong, they are 
not damaged by tippiiig a 'wagon- or truck-load, ef material (Jh to 
them, so they form an effective feeding dejdce for other machines. 

Bar-riddles or grids may ImT either horizontel or sloping accordhigi 
to the conditions under which they are used. If Roping, ‘the 
inclination should be slight—seldom exceeding W degrees, or the 
material will pass along too rapidly for it to bo properly*screened, 
though for damp sand an almost vertical riddle is often used, the 
material being thrown against it with considerable force. , 

The bars may be made of iron, steel, or wood. They may be 
round, square, rectangular, or triangular'in section, the last-named 
being best as regards preventing the particles becoming fixed 
between the bars, but not as durable as square or rectangular 
bars. Round bars are objectionable, as they are closer together at 
their diameter than on the surface of the grid, and thus tend to 
cause an excessive proportion of wedged pieces, which are often 
difficult to remove. 

The bars may be of any convenient length. Such grids are 
often 8 or 12 ft. long and usually about 4 ft. wide, though there is 
really no limit to either their Ipngth or width, as they can be built 
in sections to ensure the requisite strength. 

For separating particles less than J-in. diameter parallel wires 
are preferable to bars. If such wires are fixed without any 
appreciable tension, they are satisfactory for light work andl for 
hand-riddling, but not for continuous work. For the latter, the 
wires should be ^stretched by tension keys, as in a pianoforte: 
hence the term ” piano-wire ” screens. Parallel wires, arranged 
along thsclpngth of the sieve and sometimes strengthened by a few 
cross wires, s»ve more rapidly and readily than gauze sieves. 
They h&ve the disadvantage that if a long t^ partide falls on to 
the screen it may pass between the wires, whereas it could not pass 
through a gauze screen of the same mesh, as the ci^ss wires would 
stop it. This, however, does not ‘often happen in screening a 
materiad suCh as sand and crushed rock, as the particles are in most 
oases fairly cubical. A farther difficulty encountered with screens 
having only xmrallel wires is that a large particle may force the 
wires apart and then allow other larger particles to pass through 
the opening y) created. This defect cannot be wholly avoidra, 
but it can m minimised by keeping the wires taut, so as to allow 
as little movement as possible, and by iiupecting the screen 
frequently ; it does not occur with gauze screens. 

Screens with parallel wires and no cross ones have a tendoioy 
to cause {he material to race too rapidly over them and thus invent 
an efficient separation of the particles. This may be minimised by 
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duoing £he ot,«I^p«fof the screen or by arranging the 

ire« across the acreen mstod of longitudinally, thus retaiding the 
ow of the materiSls and so effecting a sharper separation. Greens 
)m^sed of parallel wires seb closely together should usually be 
rovided with some means of ylbrating the wires sufficiently to 
eep theft clean. If the wires are stretched taut the movement of 
be jftirticles ma^^auge the requisite^ vibrations; otherwise they 
lay have to be pr^uceimechanically. 

. Although piano-wire screens have obvious advantages over 
ho* made yf gauze, tfie risks involvtsl in their ui« are sufficiently 
mportant to mftke many managers prefer gauze screens. The 
3wer output of a gauze screen may easily bo overcome by pro¬ 
dding a larger screen area, but a badly screened product containing 
li^icles too large in size may easily cause serious financial loss to 
I firm. ^ 

Perforated steel plates>hre the most convenient form of screen 
ivhere particles between in. and 2 in. arc to be siqiaratcd. 
Still larger perforations can be made, but the wear and tear are so 
jreat that it is Cheaper to pass Such coarse material over a grid or 
jrizzly. The shape and size of the fierforations varies according 
to circumstances. Sometimes the plate is corrugated as well as 
perforated, or several plates may be arranged in steps. Slots have 
the advantage over circular jierforations of offering a larger scnien- 
ing surface per square yard of sheet, but are very liable to pass 
long fiaky pieces which would be rejected by round holes. (Conse¬ 
quently, it is usually better %o employ the latter, though this may 
involve the use of a larger screen to produce the same area of 
apertures.. ' , 

Inclined perforated or slotted pistes arc so smooth that the 
material tends to race over the surface, with the result that some of 
th^ material fails to {lass through the holes, and this must be 
allowed for in purchasing screens of this character. It is also very 
important that the angle at which the screens arc piaqgiUshould 
be very carefully adjusted so as to allow for its»-ffect on the 
wnd and on the rate at which the latter trtwels over the iftrface. 
Baffles, or the use of two or more screens at different angles, may 
be necessary to iptard an excessive flow of material. 

The thickness or “ gauge ”*of the metal used for slotted and 
perforated screens should be sufficient to give ample strength, 
^ose in Table LXXV. make reasonably durable sc^reens; thinner* 
sheets should not be used except under special circumstances. 

It has previously been pointed out (p. 443) that the largest 
particles which pass through the openings in an inclined, perforated 
sheet are much less than the openings themselves. Tliis is due to 
the slope at which the screen is hung and must be duly allowed for 
in purchasing a screen. It is oftm an advantage to hang the 
sheet fitom four chains, by a hook at each comer of the screen; 
this enables the inclination of the screen to be adjusted raplily and 
easily so as to suit any variation in the material. 
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Table LXXV. —rEnroBJiTED bheets 


Diameter 

of yoic. 

Thickness 

lit loet. 

f 

J- f -^ 

CentTe to Centre of 
PerfomUon. 

IllM. 

*ltI8. 

• film. 

* Ins. 

Ins. 

Ins. • 

3/32 

0-084 

■ 3/80 

0-037 

6/32, 

0-166 

7/64 

0-109 

1/20 

0-050 

•3/lt. 

0-187 

1/8 

0-125 

1/16 

0-062 « 

3/16 

8-187 

,'i/32 

0-166 

5/04 

0-078 

. 1/4 

0-250 

3/16 t 

0-187 

7/04 

0-109 

19/64 

0-297 

lit 

0-250 

9/64 

0-140 

3/8 • 

0-575 

.’)/16 

0-312 

11/04 

0-172 

7/16 

0'43J 

11/32 

0-344 

3/16 

0-187 

16/32 

0-468 

3/8 

0-375 

1/4 

0-250 

1/2 

0-500 

1/2 

0-600 

6/16 

0-312 

11/16 

0-688 

6/8 

0-026 

3/8 

0-375 

13/10 

0-812 

3/4 

0-760 

6/8 

0«25 

1*,'8 

1-125 

1 to 4 


3/4 

0-750' 

- - 




Noth— with liolns l-4 lil. iltometcr the arm (if th.' hiilcs Bl|;iuhl not exoceil tJ iiM 
cent of the total area of the sheet, and preferably shoiihl not exeecd 3n iwr cent, or the sheeh 
win ptoliably bo t«o weak to bo durable!' If the dlanieter of tbe holes is not the saipe on both 
sides of the sheet, tliat on the lower side should be allshtly tbe urenter, so as to prevent the 
material from wedglnit In the holes. 


The Relative EfiBclency ol Horizontal and Inclined Screens.—The 

efScienciy of a fixed horizontal or inclined screen depends on several 
factors, of which the most important are : 

(i.) Us length -, many users empKV screens which are far too 
short to ensure a good separation of the coarse and fine materials. 
This can best be ascertained by testing the tailings with a hand- 
sieve of the same apertures. In most cases, a length'of not less 
than 6 ft. is necessary, though 4 ft. is more usual. Where several 
screens are employed in series at diflferent angles, each should be 
at least 4 ft. long. 

(ii.)»{5Jio inclinntion or slope, which must vary according to the 
type of screw', used, though an angle of 45 degrees is generally 
satisfaJistory. If the screen is vibrated, an angle of 30 degrees witji 
the horizontal will usually suffice. 

(iii.) Smoothness of Surface.—A perforated stieot or a screen 
composed only of parallel wires will opjiose less resistance to the 
flow of the material than one with cross wires, and so will tend to 
•retain in the tailings a larger proiiortion of fine material than will 
a gauze aereem. This may usually be overcome by using a longer 
screen. The output of a "gauze screen is often low because of the 
resistance c^sed by the cross wires, though this may be largely 
overcome by vibrating the screening surface. 

(iv.) Distribution of material on the screen ; thus, if the material 
is spread uniformly across the whole width of the screen and 
continues to be so distributed throughout its journey, the efficiency 
of the ^reen will be high. Many users feed the sc^ns carelessly, 
wi^ the result that a large proportion of the available surface is 
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not used ^t ab. i^fonp-t^ of distribution is secured in the 
“ Newaygo'' screen (Strytevant Engineering Co.. ]jtd., lAmdon) by 
wnesns of a screw bonveyor which disehii^es inuteriiil over a weir 
, on to the 'screen. In other sci^aens baffles are used. 

(v.) The nature of the material'—Some materials are miu'h more 
easily screened than others ns \he i)ro]a)rtion*of material to Im 
remoetsi often exurls a notable inttuenee on flie jwoeess. Thus, it 
is extremely difficaiit to \jemove eomyletely a small |ll■o|x>rtion of 
ag)derately fine material from a coarser one and damj) material is 
more difficult Ui deal w-fth than a dry otk'. • 

(vi.) The’ vilttalory morement of the. eereen. -- The greatest 
efficiency iS obtained from a gauzi! sieve or lawn when the (articles 
of sand, etc., are in a rapid state of motion in an almost vertical 
direction. They should rise sufficiently alsive the gauze to dro]) 



mttrttvuuf Cu., lid., hmdoH. 

Fio, 132. "Xertayjf'* wrofn. 


on an aptuture which is not already oeeupiwl and.^i ease of 
an inclined screen, should gradually pass dpwn the inelitfr in a 
feries of small “ hops ” over each succeeding cross-wire. With 
fixed screens, the usual method of effwting this movement is to 
vibrate or rap thfc screen. • 

The simplest form of vibrator consists of a series of short bars 
which are attached loosely to a series of rotating discs,, so that 
these bars strike on small anvils on the frame of the jcrocn in rapid 
succession. The greater i>art of the vibration is absorbed by the 
frame, but sufficient movement is transmitted to the screening 
surface to ensure a reasonabl.y high output. This metliod is noisy, 

destructive, and not very efficient. « 

A great improvement on it is ineorjmratcd in the Newaygo 
screen (Fig. 132) in which a series of strips of metal are placed 
at regular intervals on each side of the gauze ; attached V> these 
strips are a number of metal holders which project through the 

VOL, I 2 Q 

« 
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upper casing of the screen and sai^ wooden pegJ wmcn act as 
anvils when struck at frequent interT^als by a number of loose 
hammer-bars attivphed te a series pf rola^in^ sfiiafts fitted above 
the casing. In thistway, the screennfe vibrated by blows delivered 
almost directly to many points “on the surface at a fairly rapid 
rate and clogging* is effectually prevented. The hammers and 
anvils should be arranged 4o as to give only a vqry small amplitude 
of motion to the screen, nob enough to, cause viokmt movement 
of the material, yet sufficient to free the particles and to preseqj 
them with ample opportunities of escaping through the openings. 
Two screens, one below the other, may be vibrateti sintultancoudy, 
but in that case the upper sieve must not be finer than about 
IS-mesh. 

What ap 2 >earH to be a still more effective method consists of 
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Kia. 133.—Hum*iner screen. 

several powerf-d electro-magnets mounted above the gauze (Fij 
which’alternately attract and release strips of steel attached to 
the screening surface at a very rapid rate, in a manner precisely 
similar to the vibrations of the hammer in an ^lectric bell, and 
keep the gauze in a state of constant vibration. The makers 
of this “ Hura-mer screen ” claim that the intensity of vibration 
is far greater and more effective than Avith hammers, that it can 
be Varied at will in order to suit the material to be screened, and 
that very little power is required. By applying an intensely 
rapid vibrafjon direct to the gauze, the particles are constantly 
separated from each other, the larger ones helping the smaller 
particles torpass more readily through the screen, and enabling 
the screen to have a very large cat^ity and a very sharp separation. 
Rapid vibrations of small amplitude also prevent the material 
iumpin({ or bouncing on the screen and enables a smaller angle 
of indiMtion to be used and a sharper separation to be effects 
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Whenever* a vllsrator^ me-hUfiiem is used, the screen should be 
(uUy enclosed in^ dust-nrohf casi*, or the loss of the finest material 
•will be serious. • * ’ 

Testing Tailings. —When it'#.ieve or screen iworks ix’neetly, all 
the particles up to a certain, desired size pass through it and the 
tailings will not contain any jiartiele.'* less tliftn this size. Con- 
sef[ucntly, if the miings were passed u Si-eond time over the sieve, 
no further material woul(U)e se|)arated! It is practically im|)ussible 

secure so perfect a result on a large .4eale, as no sieve in the market 
has -a 100 per cent eflfciency. The only way towddain the best 
possible rosiflt is*to investigate several types of sieves or si'rerms, 
vary thei# inclination, length, and mode of feeding, and to test 
the tailings with a hand-.si(‘ve of the same mesh or a|)<-rture. It is 
also a wise precaution to make periodically similar Imnd-tests 
of both tailings and sereeiu'd mati'rial, so as to ensure a clean ” 
product, during thdlegulaa working of the plant. 

Supports for Screens.—Horizijntal ami inclined screens are 
often used for hand-sifting; a* flat .screen is usually placed on an 
open support, such as a pair of mils, or on to|i of a tub. laik, or bin, 
and half-filled with the material to Ipc sifted. The screen is then 
moved backwards and forwards on its sopjawts, or is lifti-d in the 
hands and shaken horizontally until it is judged tliut. the whole 
of the fine material has been removed. With care, a highly 
efficient separation may be effected. 

• An inclined screen or riddle may be .set up at about 7.') degrees 
or other suitable angle an4 th<! material is thrown against it; 
the finer particles pass through, whilst the tailings fail down to the 
bottom of the screening surfttee. The ettici(;pcy is low, but oftrm 
Bufficfentlya goo<l for the puriwse, especially wlien the rejected 
material is rather coarse. An ordinary lalaairer kejit su)iplied 
wiUi material, and working ten h'jurs a day, will s(wn 24 cu. yds. 
of sand and gravel in this way. For larger outpflts, it is chcapjir 
to support the inclined scTeen above the ground, at of 

46 degrees or less, and to feed the maUwial on to tlt^ u<!|)er end of 
the screen, so that it slides down the surfaerv the smaller |%rticles 
^sing through the screen and being separated in this way." 
Inclin^ screens are made to screen 15-20 tons per hour of sand 
of 20-mesh or \0-15 tons jjcr hour of sand of 40-meBh. The 
supports may be of timber or iron, the latter being prtderable 
as it is stronger and more durable. Chains (p. 447) are sometimes 
preferable to more rigid supports. , 

Fixed Conical Screens.—Conical si^rerms arc sometimes used 
because their shape permits a larger screening area to be employe^ 
within the same floor space as a horizontal or in(^ed screen. 
They also facilitate the delivery of the sand, etc., thipugh a small 
^ut, though, to be effective, the material must be arranged to 
now uniformly over the surface of the screen. This is usually 
accomplished by means of adjustable baffles which gtlide 4ihe 
nuterial. but in the conical screen made by the Traylor Engineering 
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Co., Allentown, Pa., U.S.A., the upp^surfac^Taswe^t bjfrevolviin; 
scrapers which gradually move the particles Iron), the‘rim to the 
centre of the screjn, until, they escape tllr($ugh dn aperture in the. 
centre of the cone, and are carried a^y as tailings. 

A similar form of conical serflen, made in this country, is the 



Bifkh Knoinefriug Co., ltd., Pltfmouik. 
Fio, 134.—The Fulver Blender. 

“ Pulver JBtenaer ’ (Fig. 134). Inside the cone is a rotary spreader 
plate above'which a number of beaters are mounted. The screen 
is surrounded by a conical casing with an exit pipe in the base. 
The material to be screened is fed on to the rotary spreader plate 
and broken up by the beaters: the particles are then flung by 
centrifugal action on to the screen, the small ones passing through 
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lie sereen w^tnU iJirtides jiass down it. and cscaix- 

y the apjplopnate outlet. * 

The ylcona ^^n ^ol. IT., Fig. 10;.C. E..V. Hall, Sheffield) 
onsists ol a conical screen mTmnted above a similar, but inverted 
erwn, Mth being mounted, in^ finch a manniT that they can be 
oscillated and vibrated, by means ef a slnlft and eim The 
nmti^al is thiimgji a liojiiicr on t<? tlie'upjHW .•onieal senan; 
the sinaU iiarticles pass Uirough it ami f»ll on to a s(>eond inverted 
«nical screen, which may lx‘ either'the .same or a smaller mesh 
In the fornjer case, the material is separated inti, three different 
sizes each passffig into a different ehiiti'. The coarse material 
rejected 'by the first sieve, 
passes down the inside of the 
ejaing to the tailings chute; T; . f 

the material which has jiasseei ' 

through the first suo-e, hut is .1; f ,, 

rejected by the second one, , . V. 

passes dflwrf an inner casinj) J*'.' ,i|». i . 

into the “ meditini’■ chute and* itillS ’ 'J' 

the material which has jmssed . . ' 1 * 

through the second sieve entcTs I ‘ / 'T*!' ^'1 ■* 

the “ fines ■’chute. This tyjs- I | 

of sieve is very eompaett, yet 
has a specially large screening \ 

surface, and is very effi'ctive for ‘ I' 

all materials between j in. %nd * " 

200-mcsh. j osiONirt aATiirr 

Fixed. Cylindrical Scre'Ais ; .“RAPlirWFTERdHUES 

are sometimes employed. I wm oasdnes a sons 

They consist of a cylinder | ^''aLouoetTtR 

made of gauze or perforated « :_ 

jilate mounted in an almost " ^ 

horizontal position (Fig. 135); Kw. Kapid ” sff^r. 
the material is introduced at m ^ 


t 
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tpne end, and is swept gradually through th<^ cylindi^ by a 
cylindrical or spiral brush mounted on a shaft which passes 
through the cenjre of the cylinder. The bnisli presses the material 
against the surface of the si^reeii, and also gradually carries it along 
through the cylinder. Sometimes the brush is rejilaced by paddles 
or scrapers which arc intended to serve the same purposes, but 
are less effective. Occasionally, a half-cylinder forming a trough 
is used in connection with a bnish, but the disadvantage of this 
arran^ment is that it is less effective than when a complete 
cylinder is used. It is claimed that less power is required ^ 
propel the material through the screen by brushes or paddles 
than to vibrate the screen, but as against this the brushes wear 
away rapidly and are expensive, besides intrixlucing bristles into 
the screened product, whilst with the finer screens the finishing 
causes a large amount of wear and tear on the screening surface. 
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reCipec^ating screens' 

Moving Screens or Sieves inclSd/ t^iose IbAVing^hree Kinos ot 
motion : (o) reciprocating, (6) jigging, and fc) rotary. 

Reciprocating ■ Screens. —The sii^plest foym* of reciprocating 
screen is an ordinary flat sieve which is shaken to and fro by hand. 
This method is ver^ tiring, and i^ ^o slow that it can only be used 
for the smallest outputs'. • For larger quantities, some* form of 
mechanical power rnnit be‘employed to create th* motion. 

Power-driven reciprocating screens are usually of«the flat type, 
one of the commonest patterns consisting of a horizontal screw 
or sieve (Fig. I.%) moved to and fro along rails or gui<^es by mbans 
of a bar having one end attached to the sieve and the other to the 



H*. (htflner Sonn, fMI., (Uourfutfr. 
Kio. 136.—Keci^rocating screen. 


e<lge of^ disc mounted on a shaft, so as to form a crank. It is 
sometimes more convenient, instead of using guides, to suspend 
the scri^cn from the loof or from a framework, the motion tein^^ 
imparted in the same manner as before. 

If desired, several sieves may bo placed one ,above the other 
and reciprocated by a series of cranks. The finer particles from 
the upper sieves fall on to those below until they pass out into 
a suitable receiver. Such sieves must be emptiecl by band unless 
they are made continuously acting by sloping them slightly and 
providing them with chutes. This method is sometimes us^ for 
gashing and ^screening sand simultaneously (p. 400). 

Re^rocating sieves of this type may be of any convenient 
size. They are usually moved at the rate of 30-70 strokes per min., 
according to the nature of the material. The output of reciprocating 
sieves is rather smaller than that of rotary sieves (describe later), 
bub for4many purposes they are useful if kept in good condition. 
The wear and tear on them is rather great on account of the 
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retiprocaflng tosveitynt anr^ualess well enclosed they are very 
dui^y. When tiio sieves ale used for washing (p. 39ft) the dust is, 
of course, avoided. * ' , , ^ 

It is very important to ftV<..id wasting power by the use of an 
unnecessarily violent reciprcical movement. All that is needed is 
to cause the particles to jump dpward,fK)m the screen, which then 
t»v«ls forward ai^d backward, so thnjt tho<isirtieles when falling 
do not strikedthe same*aperture as thn*t f|om which they rose. 

IB Jigging Screens are a simple mAdincation of the well-knovm 
jig^g conveyor, whitli consists of a long shsll<»w tray (Fig. 59) 



Hfail, M'fighiKon <{t C"., Ud.. Thurmhj^ Tfff. 
Fio. 137. —'ligginK wn'pn or scn'cn eonvoyo^ 


mounted on springs, and reciproc^ated with a slow forward move¬ 
ment and a ra^id backwartl sme. By this means, the particles 
are continually jerked upward from the tray and gradually travel 
forward along the conveyor. If th(! tray is perforated or fitted 
with gauze, it acts as a combined conveyor and sieve (Fig. 137); as 
it may be made of great length, its screening efficiency is very high. 
They are usually 4-5 ft. wide, and are inclined at various angles 
up to about 18 degrees, according to the nature oFthe matorifl. 
They ate reciprocated It siDecrls up to 120 oscillatiotift per minute, 
the stroke being usually about 5-9 in., about 2-3 h.p. being required. 
The arrangement of the supporting springs and reciprocating 
mechanism requires care and skill so as to avoid unpece^ry 
vibration, and where two conveyors, one above the other, can 
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be coupled to the same reciprocating device,*;CiiiougK witn separate 
cranks, much greater durability is ensured. , ' 

Jig screens ar^j not suitable foi; fine p'owderti as they are too< 
dusty, but they are excellent for sep^ting sand from gravel. They 
are costly to instal and must, theieforp, be used for large outputs. 

Grids or grizzlks may bo given reciproeating movement, either 
as a whole or by coRstruCfing them of loose ^rrs and attarhing 
alternate bars to an ecceijtric or crank w^ich then gives them the 
requisite to and fro motion. '(See also Screen Conveyors, p. 463.) ^ 

Reciprocating Feeder-screens are often' ustdul for effecting a 
rough separation of coarse and finer materials prMr th delivery to 
another machine. They may be used for a variety of purposes, of 
which only two need be mentioned. 

(a) When a mixture of coarse and line material is fed from a 

bin or erusher by a conveyor belt, the durability of the belt may 
l)e greatly increased by causing the fincwnateiTSl to reach the belt 
first and so form a cusliion wlych protects it from the abrasive 
action of the larger pieces. This i^ effected very ingeniously and 
cheaply m an arrangement sup|4icd by the Stephens-Adamson 
Manufacturing Co., of Auror», 111., U.S.A., which consists of a b<“lt 
conveyor ()v(t which is mounted a hopper and a reciprocating grid 
or grizzly. The mixed material falls on to the grate and the finer 
particles pass through it to the belt, whilst the larger pieces pass 
along to the end of the grate and fall on to the cushion of finer 
material on the belt. * 

(b) When it is necessary ti) crush s material containing pieces 
of several different sizes, it is economical to screen it roughly so 
that the smaller pieqps (which do ifot require crushing) do not 
enter the crusher. This arrangement sometimes permit!, a smaller 
crusher to be usc'd, and it always results in a saving in power. One 
of the most effective screens foTi this purpose is a reciprocating 
grate which simultaneously acts as a feeder (Fig. 70). The mixed 
materiakj^lls from a hopper on to the reciprocating grate, the finer 
material wnicKdoes not require crushing falling through into a 
chute Vhieh delivers, it below the crushing rolls. The coarse^ 
material passes along the grate, falls into the crusher, and event¬ 
ually joins that which has previously fallen through the grate. 

Revolving Screens give the largest output of all ao far as material 
larger than 20-mesh and less than 4-mesh is concerned. P'or finer 
materials, inclined vibrated screens, as already described, are 
preferable. 

Revolving or rotary screens consist essentially of cylinders, 
polygons, or tunes constructed of longitudinal bars on end-frames, 
perforated stwl-plates, or metal gai\ze moupted on wooden or metal 
supports. The screens are rotated at a moderate speed. Those 
with longitudinal bars are spetiially suitable for very coarse ecrem- 
ing, the bars being placed j-i in. apart, and are particularly used 
for hea\<y work which would cause excessive wear on other rotary 
screens. 
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Rotary g#<^en* Aith .je^ofatcd plates are used for separatinie; 
picpes from i t*> 4 in. (|ianu*ter ; they are not wholly satisfaotory for 
pieces more thafl 2-2^ in. diameter. • • 

Rotary screens fitted witli gauze are suitable for separating the 
finest particles and all those ujf to I in. diameter, though for holes 
more than J in. diameter a ijcrforatial vheet il inueh .stronger than 
wii* gauze. ... * ' 

The unsen'cncd saiiil is supplie<l Iodine end of the sen'en which 
is given a slight inclination, so tliat. as it rotates, the eiairser 
material is^carried through it whilst the finer particles pass through 
the perforation^ or the me.sh. 

The Simplest form of r<‘volving or rotating screen is a I’ylinder of 
perforated metal (Fig. l.’iS) mounted on an internal shaft by means of 
/ibs which form two or more “ spiders. ” Nearly assini))le, luit having 
several imjwrtant advantages, is a polygonal screen (Fig. Fttl) with 
five, six, or eight’sides (ifbually si.x) conslriieted in a similar manner 
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Fio. 138.— Uotary wrofii. 

tp the cylindrical screen. The.hexagonal screens are rather more 
expensive in first cost, but they have a slightfy larger siTcening 
surface for the same “ diameter,” the .shajM' increases the “ tumbling 
effect” on the material and so increases the oufpilT to a small 
extent^ repairs are made much more rapidly as well*as more 
’cheaply. If a cylindrical screen is bmken, the repair (apart from 
a “ ^tch ”) i^ extensive, but with a ]K)lygonal .sieve it is merely 
necessarv to remove one side’and replace it by a new one ; this is 
effected much more rapidly than the rejiair of a cylindrical sieve. 
This is a matter of great imiiortance on a busy day, as the sieve 
need only be stopped for a few minutes in order ,to attach a new 
frame, whereas a cylindrical sieve must sometimes be stopiied for 
several hours in order that one section may’ lie taken off and replaced 
by a new one. When a cylindrical screen is marie in sections which 
can quickly be replaced,' the objection just raentisned is largely 
obviated and the advantage of the cylindrical form—which involves 
less wear and tear on the st^reen—is maintained. A cylindrical 
screen made in one piece may be cheaper in first C 08 t,\but#sfter 
several years of rough usage it will be found to have cost more in 



458 RffVOL^jlNG SCREENS 

repairs and loss through stoppages 4h(ii ^ scr(^» of* the sSme.sizc 
made in suitable sections. ^ , 

Instead of mounting the cylinder or polygon, afi described, on a 
shaft running through the centre, it mly be fitted with a hardened 
steel ring with a spur-wheel gearing and rotated on external rollers. 
This method is betteV in several respects, and enables the teterioi 
of the cylinder to be perfectlj'clear, thus givpjg ipr.re space as weU 
as avoi^ng the wear and tear on the shaft.. External driving of 
this type is used chiefly for tKe heaviest screens, the lighter ones 
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F/J. 139.—Hexagonal screen. 

being mounted on a central shaft, or (as in the rotarj’ screens 
made by Ord & Maddison, Ltd., Fig. 140) suspended from several 
pulleys which, in revolving, turn the screen at the desired rate and 
ensure a very free and easy drive. A similar arrangement is 
employed in the screens supplied by W. A. Hiscox, Ltd., Derby. 
Screens which are not too large may bo fitted with a disc or cap at 
oije end ; this constitutes the only mounting necessary. The cap 
is fitted to the end of a horizontal shaft which, in rotating, causes 
the screen to lotate at the same rate (see Fig. 141). 

Conical Rotary Screens are similar to the ones just described, 
but are of a conical instead of a cylindrical shape (Kg. 141); the 
shaft beiitg quite horizontal makes-driving easier than is the case 
with inclined cylindrical screens having an intermediate shape. 
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The-maieriaPft d«lwered,t?Vo«gh a chute to the small end of the 
screen anfi tho tailing^ are discharged from the larger end. The 
greater perimete^ of the laroyr end givewa mora rajrid rate of travel 
to the'coarser pieces, thus freeing them more readily from the 
smaller ones and ensuring a,‘somewhat Ix-tter separation. Tho 
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Kio. 140 . -SuHpendfM rotary kitwii. 


conical shajx' of th<‘ screen and the fact that a horizontal shaft is 
used, also effect a savinir in weight. re<liie(! tlie amount, of head¬ 
room, and greatly simplify the arrangement, esiK'cially if an elevator 
is used to feed 'th<! screens. In cylindrical sensm the elevator 
head must lie mounted separately, hut with a conical screen it can 
be mounted on the same shaft, thus .simplifying the drive very 
eorwiderohly. ’ ■ 

In some cases, in order to reduce the wear and l<'ar caused by 
the fall of the material from the I'hutc, a small screen is placed 
inside the larger one (Fig. I4l)j»the material falling into this small 
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receiver and then, at a much lower velocity, into the scresm iti^lf. 
In other coses several serecmi of different mesh can be arranged 
concentrically. In another tyjio a number of conval screens are 
fitted on one shaft, the small end of one screen projecting into the 
lai^ end of the next one. The material is fed in at the upper end 
of the first screen and is discharged jrrogrcssively through tho 
nwrow end of one sieve into the large end of the next, and so on 
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through the series. An arrangement <(t t^s ki'ni^is SoBnetifnes used 
when washing and screening sand simultaneously (y. 400). 

As shown in Fig. 141 a conical screen'can be‘arranged with a 
free interior, t.e. the shaft need not galhrough the cone. 

A very useful screen for sepaAting sand and gravel is made 
by Ord & Maddison,' Ltd., Darlington (Fig. 142), and consists of a 
cylindrical screen with* a cotical one inside R, material teeing 
introduced into the cone at M by means of- tne chuteuA, which is 



fitted with a wid N to take out the sand, which is instantly passed 
through the hole in cone B into the enlarged screen D, without 
mij^g with the larger stones, thus ensuring perfect screening. 
All otner stones are passed by gravitation towards the outer end 
G, the largest ones being delivered to an elevator or breaker as 
desired. The small stones and coasse sand after passing throu(^ 
the cone are raised by means of elevator wing-plates E, and may 
fall into a second cylindrical screen for further serration if required. 

Tapering polygonal screens are also used, either singly or’in 
seriec, th6se of hexagonal shape being generally preferred. They 
are preferable to conical screens for the same reasons that straight 
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lezagoSU sc|o?ns*fy^ pref^aUc t<f cvluidrical ones (soe p. 457). 
Rezagonfli serins are ^otmted iii the same manner as eonieal 
Dnra, and are us#d for^ht same purposes. 

Vibrating Revolfing ScnAif .—When dainpior adhesive sands uri 
screened on a rotary sereeix, the latter may Vs; vibrated by menni 
similar‘to those employed f6r tixwl .sereeifs. The most usua 
device is a loosed pivoted haminer-baf, so ylaeed that it rests on a 
steel band njirfoundifij^the screen ahd fitted with four small ]>n>- 
^ctions or “ anvils.” As the sererti revolves, the hamnuT-bar is 
lifted by the anvils iind then falls on to the seRtam-band, eansing 
the screen to vibrate. This arrangement is very noisy in action, but 
is fairlyseffecUve. Several similar bars may bt' used on the same 
screen if desired. The vibration is intensitied if the screen is 
suspended from chains (Fig. 146) in.stead of being mounted on a 
eentral shaft. 

Multiple ScreetA are tlios(> whieli can separate a mi.ved material 
8ucces.sively into ])artiel(>s of .si'vj'ral distinct grades or sizes. The 
simplo8t»form is a long slopiitg sheet of metal l omiHiacd of sev<“ral 
sections each perforated with holes of a diirercnt sizi', but rotating 
screens can be arrangi'il in the same aianner and to great advantage. 
The section with tlu! smallest sized holes is nearest the toj) of the 
screen and that with the large.st holes is at the lower end, the 
intermediate sections being arranged jirogreasively according to 
the sizes of the holes. Thus, if there are si.\ sections, the material 
would be separatwl into siwen grades, namely one for each section 
and the tailings which are^assed lA’cr the eml of the scnien. 

It is more usual to employ rotary screens (Fig. IHS) than flat 
ones for .multiple work on netount of tlieir larger output. It is even 
mole important with multiple screens than with single ones that each 
section of the screen should Is? of sufficient hmgth to effect a com¬ 
plete removal of all the particle,s it is intended should pass t hrough 
il. A common mistake is to have the sections too short , with the 
result that the materials are imiuTfectly separated. The most 
generally satisfactory length of each section is (> ft, *** 

Various other forms of multijfle 8creen\an; also in rt^ilar use. 
•For instance, the sc^rcens may la^ ijuite separate, but so placed as 
to deliver their products to one another. This is th(^ cose when 
several conical screens an* immnted on the same shaft (Fig. lO.'l). 
Another and very imjmrtant form of imdtiplc screen is described in 
the next section. 

Concentric Screens. —Instead of employing separate screens in 
series, it is often better to arrange them concentrically—inside one 
another (Fig. 143)—and to drive them by means of a common 
shaft. The coarsest screen if jtlaccd on the inside* and the firfest 
on the outside, the material kung fed on the coarsyst screen first. 

144 shows a screen of this typo in which the screen plates 
have been partly removed so as to show the facility with which 
they can be replaced when damaged. The advantagys ot con¬ 
centric screens are; 
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(i.) Much of the wear and Wr ^e screen'^ief to the 

coarsest one—which is the strongeSt-^'whereas in roost otter 
arrangements the wear is,greatest on the .Inest-screen, which is 
least able to withstaivi it. , 

(ii.) The arrangement is very ccmpact and requires a minimum 
of space. ' . „ • 

(iii.) The urrangemqnt is*yory economical in power. 


'A'* • 
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Fio. 143.—Concon' ric screens. 

Another multiple screen whicli is very commonly used consists 
of an ordinary revolving cylinder with holes of the desired .size, 
surrounded by one with smaller holes to act as a separator for 
dust and very small particles. Thus, if it is desired to separate 
J-in. material and dust from coarse sand, the former is removed by 
the main cylinder and the latter is separated by the fine screen. 




J. F. Poott, Ud., Jlayk, 

FlU. 144.-^>Qcontrio screen showing diding screen plates. 


Ratio ot Apertures to Product. —It is not sufficiently realised 
that revolving Greens must have larger holes than the particles 
they are intended to pass, because the inclination and the rotation 
of the screen Doth have the effect qf making the effective size of 
the holes inuc,^ smaller than their apparent size. For stones, the 
necessary ratio is readily found, but for sand it is much more 
difficult and, consequently, trials must usually be made of screens 
of varioug.-meshes. It is usually found that all the material passing 
through a 40-mesh rotary screen will also pass through a SO-mesh 
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lAn(lar?si«v4,*nn< Jhat thAsand vraioh {msses througli a OO-meah 
3tary soften jvill pass WiBost comiJeU'ly through a lOO-mcsh 
tandard sieve. • • • ^ 

On-account of tlfe great Jlji-reuce botweenrffie true and effective 
izes of the holes, it is impo/taiB to cheek (h<' sizes of the sen-ened 
•articles by hand screening wifli standard siem from time to lime. 
I Ipeed ol Rv^tion. —The sjH>ed .!lt which eylindrii-al rotary 
lievesarcdiiveh varies(j-om 8-30 revsT j)er initi.,asiss'd of I(i-20rttvs. 
jer min. being most usual. PolyghnaT siwns may lx? driven at 
•ather a lower speed*than cylindrical oiu's, in (*mie cases ns low 
IS 4 revs, fwr min. being sufReient for sc^parating sand and gravel. 
This avaids much of the w-ear and tear which occurs in screams 
which are driven at higher sjeecds. 

^ Dimensions ol Screens. — The dimen.sions of rotary .si-reens 
should depend on the extent of Bej)nralion desired. Usually 
each station of tltA cylinder is 4-6 ft. long and 2-4 ft. in diameter. 
Ample length is essential to .se,jmrc a clean se]xiration. but it is 
by no means unusual—cs|mciidly in screens containing several 
sections in scries—to lind eaeh srs-tion is much too short to do 
its work properly. This can Ixwt lx- asc<‘rtnin(xl by cawfully 
examining the res|X‘ctiv(^ s<'rccnctl laoducts after passing them 
through standard hand-sieves. 

Heated Screens.— When the sand is damp it will not pass 
ntadily through or along a sen-en. This diflieulty may be largely 
avoided by fitting a nunilxm of steam-pi]M's Ix-neath the seretm 
so as to partially dry the .s<gid and t^ius facilitate its pa.ssngc thnmgh 
the meshes. Fig. 145 shows an arrangement of this type attuelied 
to a rotary sieve. If the tmnd is very dujn[), howco’cr, it will Ihi 
chehper to use a rotary or other dryer prior to sem-ning. 

Screen-conveyors.- It is often convenient to (combine a serwn 
f^d conveyor in such a manner that a inaterial is sercimed during 
transpt)rt. Most screens do this to some extent, but th<! term 
“ screen-conveyor ” or “ eonveyor-.siTecn ” is usually confiiuxl to 
those appliances which an^ primarily conveyorSj^ InfT also act os 
screens. Such appliances are of several (.orms, and coTisiderable 
•ingenuity is often exercised in adajrting fresh combinations of 
screens and conveyors to a particular puqw.scc 

One type dt rotary screen-conveyor (Fig. 73) (mnsists of a stout 
shaft, on which are mounted a iiumlxT of circular plates or discs 
set at a prearranged distance apart. This shaft is flttctl in a broad 
slot, in "an ordinary chute, so that when the material falls upon 
the edge of the disc the smaller pieces pass betwerm them and so 
fall out of the chute, whilst the coarser material is carried round 
the circumference of the revoking plates and into tRc lower iwrtion 
of the chute. This appliance is chiefly ol use as a fcctipr for crushing- 
plants, as it takes up very little space horizontally. 

• Another type of screen-conveyor consists of an endless belt 
(Pig. 71) composed of links a suitable distance ajjart "wd driven 
by a pair of sprocket pulleys. Between the upper and lower 
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parts of the bolt should be a Hopper W receive ihcTuinall faateri^l 
passing between the links and convoy iti to a suitpble bin. The 
coarser material is 9 arried ^o the end of th<^ belt b.nd is then dis¬ 
charged. As the belt can be of any* convenifent length, a very 
effective separation is made with Ctie ininimum amount of head¬ 
room. This arrangement al.‘V) has ‘the advantage of beir.g self¬ 
cleaning as the links p»ss o»,er the sprocketSj w^preas the spacea 
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Pic. 145.—Stoara-heatcd screen. 


between the bars in an onlinary grate or grizzly are liable to choke. 
Below the belt a brush should bo fitted to remove any adherent 
particles, so a^ to prevent them being ground by and damaging 
the return pulleys. A screen-conveyor of this type, with a total 
length of 6 ft., will have an actual screening surface of about 
3 ft. 0 in. 

Another equally important type of screen-conveyor consists 
of an ordinary jigger conveyor, the pan of which is perforated so 
that it also acts as a sieve (see p. 455), the smaller particles falling 




•CLASSIFYjKG 465 

throug^^he 4 )^o«^ions. Miht larger ones are “ jigged ” 
along the ionv<wor by a Shat]) to-and-fro motion iin|mrted to the 
appliance. Suohta jig^)r* sieve has the great a^vant age of moving 
the material uniforinly oviP.the surface, and, being horizontal, 
it removes a largo percentage oC lino material, thus giving cleaner 
tailings than a sloping screen. At the same limdit has the advantage 
ogersordinary hog^oirial sieves of liftiffg tha coarse material from 
the sc^n atodeh m'v^ment. insteafl ^ at longer intervals, as in 
^ ordinary to-and-fro sieve, and, a.'^tlu^ tailings are automatically 
msitharged, there is no%toppage of the .sieve to remove “ rappiiigs.” 
The mannef in *hioh the sii've is moved ensures a gnaiter life ” 
than in the ortlinary to-and-fro sieve, and the w’OH'ning surface 
is much greatiT than the latter in pro[a>rtion t-o tlie power reijuired. 
As the top of the tiough is o|a‘n, the material can be insjiectcd 
al any time, and any damaged or dideetive |>art of the conveyor 
can easily be seen ftTid re|»kired. 

Dust-proof Casings*—Where i^evi-s are likely to jirodueo much 
dust, as in tine screening, it !.■?desirable to enclose thi-m in a dust- 
proof easing, wdiieh prevents asserious loss of material and avohls 
injuring the health of the workers. lUie 8ha))e of the casing depends 
on that of the screen ; it may usually be of wood or shiot-iron 
plates, and should be litted with doors to give reinly access to the 
interior. In some cases a fan is used to draw the diist into a dust- 
collector, from which it may ls‘ recovered without loss, whilst the 
^air is allowed to esca])e. Tlie.se collectors aio of two types— 
"(a) filters in which the dnsj-hulen itir is pas.scd through cloths or 
into bags or “candles” which retain the dust, but not the air; 
and (A) separators in which tie .sjiecd of the,air is rediK'cd to such 
an extent ihat it cannot carry the dust any further, but is obliged 
to deposit it. Filters arc usually tbe more ellieient W’hen in good 
order, but require frequent attention. Tbe be.st results are obtained 
by passing the air tirst through a .separator or defiositing ehambi-r, 
and then through a filter. 


CLASSIFYING 

The term classification “ is particularly applied to the 
separation of a material into groujis, the particle.s in each group 
having the same rate of falling from sus|H‘nsion in water. It may 
serve either of two purposes; (a) separation of particles similar in 
size, but of different specific gravity, and (A) separation of particles 
of uniform specific gravity, but of different sizes. The, first puqioi^ 
has been described in ChaptenIX.; the second purpose is that 
known as “ grading,” and is mentioned here b<'cau.so.s;laHsification 
by means of water or air may often lie conveniently employtsl for 
grading some very fine materials which cannot convenienfly lie 
separated by sifting. Vasrious methods of classification aiF largely 
us^ for separating metalliferous sands into a portion rich in the 
yoL. I 2 H 
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desired metal and a second pMion at gapgue.nee'ntsm metai; ine 
same methods are also used for grading finely ground (ic levigated 
silica in order to Mparate,the finer from th'c coarter particles. < 
When a classiiykig device is uspti for separating fine particles 
from coarser ones, all the particles mjist be of approximately the 
same specific gravity, as, otherwisd, large particles of low specific 
gravity and small particles of high specific grftpity will both he 
collected in the “ coarse ” portion. ' , 

The factors governing the speed of settling are given on p. 

The apparatvs used for water-classifying is practically the sfcme 
as for washing (p. 384) or concentrating (p. 413)^ whichever may 
be more suitable. The chief forms of classifier are: (a) troughs 
such as those used for washing (p. 385) and concentrating (p. 416); 
(6) pyramidal or conical separators such as the spitzkasten (p. 398), 
spitzlutte (p. 398), or separating cones (p. 394); (c) jigs such as 
are used for concentrating (p. 420); and {d) Cftitrifugal machines 
(p. 407). 

Ci.ASsiii'yiid) WTH Air 

Air separators are very valuable for classifying fine particles 
of dry material which are too fine to be dealt with by screening. 

They are based on the principle that if the 
mixed particles are suspended in a current 
of air of regulated speed, this stream of 
air will carry the finer particles of sand,* 
etc.,“along wj jh it, whilst the heavier ones' 
sink, and may be removed through an 
opening in the bottom of the machine. 

The suspension is sometimes efiected 
by blowing a current of air into the 
materia^ to be treated, but a far more 
effective suspension is obtained by allow¬ 
ing the particles to fall on to a rapidly 
rotating disc. The centrifugal force im¬ 
parted by the disc to the particles causes 
them to fly off the disc at varying ratsif 
according to their respective sizes, and so 
effects a ^preliminary separation, whilst 
the current of air which receives them 
after they leave the disc completes the 
classification. 

The air separators of this type (Kg. 
146) now generally used were invents 
' Pro. I46.-Seotion of sir by Mum(ord and Moodie, but they am 
sepaiptor. manufactured by several firms, as the 

chief patents have long since exjfired. 

The material to be sifted is introduced into the sepfaator 
throughsa hopper 0 in the centre of the top-plate F, and falls on to a 
rotary spreader Ei, which throws it outwards by centrifugal force 
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_^Jo 'ho ftir«pnt 01 air drawn upward through 

ttfe appaifltus meana ol* a ftui E, E. •This lino particles are carried 
upwards and pails int(4thp outer casing,-!, wlii^h Icada to a chute, 
whilst the coarser particlcs,*,\vhich are not lifted by tlie eum'iit 
of air, fall into the inner ea.sii)g»B and an- collected by means of a 
second ahuto having two out left a. a., > • 

, In an impro^gl form of separator kiuyvn as the Selektor, a 
number of mptifl ring? arranged bOneatli the s|ireading plate, and 
yjeairis made to iravel np the easing until it nu'cls the descending 
strtam of material ami then hetwi'cn the metal sings, so that tin- 
tine materSil is^lrawn through thi-se into the inner easing, whilst 
the coarser particles fall straight down into the onti-r one. This 
apparatus gi\'es a somewhat sharper separation than the simjder 
tvia- first mentiomal. 

* The speed of the air ])nssing through the apparatus can la- 
varied within widi^ limilubin order that particles of any desired 
size may be separated, ami, if mj essary. .sc\(-ral separators can hi; 
used in series .so as to obtain prodvicts of various <tistinet grades. 

The air disshaiged from th» separator may contain a consider¬ 
able proportion of very line dust, wldt-h should not Is- passr-d into 
the atmo.sphere, but should Is- collected by means of one or mop- 
large conical settling tanks, or '■ cyclone separators, arranjpsl in 
scries, the last traces of dust Is-ing held back by inc-ans (tf a suitable 
tilter. If the fine dust is ipiilc u.si'less .-i scrubbing tow'cr with 
sprays of water may Is- moic convenient than a liltcr. 

By.nsing (-yclom- s(-paiiyors of flith-r-nt diameters, the powder 
may Is- separated into an ccpial numlM-r of grades of different 
fineness. • > 

To o'lvtain the Is-st results, the mal<riul supplied to an air 
separator should not i-ontain any notable proportion of jiarticlcs 
larger than i in. diameter: ami ^be nearer the material approaches 
tlTo nature of a |)owder, tin- better will lie the st-jtaration. 

Air st-parators are onh* sjitisfaetftry when prois-rly supplied 
with suitable material, but are then rapid in aerioi^nd have a 
large output. It is mo.st im|(ortant, hou(-,y(-r, that the^atenal 
should be sufficii-ntly dry, or the particles will adherc togetlier 
and will not be jiropcrly separated by the current of air. To 
assist in the separation of damp materials the use of hot air is 
sometimes recommended, but it involves difficulties due to its 
feeble carrying power. The inaeliim- must lie fed at a constant 
rate, and special care is needed not to overload it, so tljat a mechanical 
feeding device is desirable. 

It is often convenient, and (piite satisfactory, to connect an 
air semrator to a ball mill, the product from the mill passing 
into the separator, and the “tailings” lieing return^! to the mill 
for further grinding. The simplest means of delivery' from the 
mill to the separator is a bucket elevator, but if the whole t>f the 
product is sufficiently line it may lx- drawn from the bull by a 
current of air moved by the fan in the H<-|)arator. 
voi,. t 
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Air separators have the adAntage cA'er sieve^f%^g v^ry rapia 
in operation, having a large output, tftid'*'being capable «f grading 
particles which ar^ too sgiall to be sepdrllted sieves. They , 
require little power, »nd only occupy small floor space. 

The fact must not be overlooked that an air separator tends 
to separate the particles in, accordance with both their* specific 
gravity and size, as a ipinui* particle of high spe^c gravity weul^ 
be carried away by a streanf of air of thj; Same Spijpd as would 
carry a large particle of smaller specific gravity. In the case ^ 
comparatively pure sands, where all the particles are of the satne 
specific gravity, the separation is strictly acisirdhig tft size, but 
this would not be the ca«^ with a powder composed of substances 
of widely different specific gravities. 


, ARRANGEMENT OP^PLAN'I' 

The various parts of the plan{ used in crushing and purifying 
sand should be so placed that the sjind or rock travels by gravity 
through the crushers and screens, washers, etc., to the tnicks 
or to the storage bins, even if this necessitates raising the raw 
material in lifts or elevators to the crushers, etc. 

The discharge outlets of the bins should bis as far as ]X)ssible, 
at a convenient height above the railway, though each works 
must be considered separately and local conditions taken fully 
into consideration. It is not Anusual have the final products 
much below the railway, so that they have to be raised to the 
latter ; when this is the cose it will usually be found, on investigation, 
that a cheaiier arrangement would have Ix'cn to have usqd smaller 
wagons or a conveyor to raise the sand or rock to a height sufficient 
to deliver the finished product aboye the top of the railway trucks. 
A typical arrangement of a plant is shown in Fig. 121 (p. 424), bfit 
conditions differ so greatly in different works that “standard 
designs” af.» iff little value. The skill of the expert is largely 
shown bj an efficient jnd economical arrangement of the plant to 
suit local conditions. 




CHAn'EH Xl 

STORAGE, PACKING, AND DESPATCHING SANDS 

1’he problem of storing, paekiiig, and delivering Hamls or erushwl 
roeks is one \vhiT*n nee4» (!aref\d consideration in arranging the 
plajit, as its output is largely i^mtrolhsl by the storage eapaeity, 
and a “ bottle neek ” may ml^an*a si-ritais loss in working. During 
the winter moiTths the ]>r(‘parath>n of sands is gentTally rliseontinue^ 
but as therr* is usually a limited dt'ftnind for nnit(*rial during these 
months, suitable arrangements shipuld Is- made to provide suiHciont 
storage capacity to meet the demand. It is moat important that 
this market should not be neglected, as higli |iri<'es can often Imp 
obtained during the whiter months on account of the greater 
scaircity of available sand. 

Manufacturers of crusHl^'d stom* ear usually work all the year 
round, but as the demand is not nearly so great during the winter 
as in the summer, they imlst either Hork,tlu> plant at less than 
its ^ull capacity, or proviile storage space for all the maUirial in 
excess of demands. 

, Two methods are available Jor storing sands, etc.: (i.) storage 
in bins, and (ii.) storage in open jiiles. ' 

It will be (divious that the cost of bins for storing material 
for four months or more wouW he exorbitant, so thtg liff^eouantities 
I aril usually stored on the ground in piles or " dump.” The 
tiituation of these dumps should be carefully con.sidered, as it 
should fulfil t^p following condit ions; (a) It must Ixi suflicienfly 
near to the plant so that dumping can be carried out Mionomically. 
(6) It must not interfere with any other part of the works, ami must 
not render any useful material inaccessible, (c) It must be com 
veniently placed so that the sand can be readily lojfded into trucks 
for transport by rail, road, water, or whatever means are employed, 
(d) There must be no danger of damage if any sjipping of the 
material in the piles occurs, /ie) If the sand is likely to remainTn 
the pile for some time it may reijuire further treatment, sucl\ as 
screening before it is loatled for transport, in which ease it must 
betiasily transported to the machine used for such tnatmentf. 

Ground storage, when arranged in accordance with Ae above- 
mentioned rules and any other local conditiotts which may arise, 
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is very cheap, and amply repa/s pf stqmgfe^ «On ffie eth^r 

hand, piles which are badly placed maj?^ prove tp be "important 
sources of loss. TJio delwering of the m&teriaf to the piles is 
preferably made by means of a belt cyfiveyor of ropeway (Figs. 147 
and 148), arranged so as to pass ot-er the pile and discharge on to 
• • • " • 



it. This is by far the cheapest rne^liod, provided cane ns taken 
in its installation. A canvas belt cs (piite .satisfartory for sand, 
but rubber is l)ctter for crustuid stone. The details of construction 
to bo noticed in connection with belt conveyors are described on 
pp. 828-335. The conveyor receives the material direct from the 
screens or other parts of the plant, and should be arranged so as 
to give ani]>le tipping space. The conveyor may 1 h> discharged 
by any suitable automatic arrangement, such as by scraping or 

• a ^ 

e 

TBIPPtH 



tilting the beK (Fig. 56). The latter^is better, as it does not abrade 
the surface ottho belt so seriously as a scrawr. The serious efiect 
of a scraper is due to its being stationary whilst in use ; the damage 
is greatly lessened if the lower part of the scraper consists of a 
brass roller, mounted on ball-liearings and running the length 
of the scraper. The friction between the belt and roller causes 





sreflAGE oiysANls An 

tjfe Jatttr w TBvaljc t'tvl*{ia»rodi^e8 tho scraping effect to a 
minimum? , • • • 

The chief (SllicuHy* e3n)erienee(l ip conf^ructing teinporwy 
piles of sand or siihiiar iimn^ials is due to Uie fact that an over- 
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head conveyor or iDiKnyay foijns a long narrow pili^ insiciul of 
a short "biaaui one. Tiii.s i? a*i almost incvitalilc result of the 
use of such ^ippliancc.s. ll»inav he ohvialcd lo some c.'ctciil 
by having tlu^ Isat or roiic .supisaii'd on uprigbls w hicb arc )iivotcd 
near thtar base, so thal their tops may be moved Ihrongli a con¬ 
siderable angle to cither side of the vertical position (I'ig, Hit). 
By tliis means the centre of tlw pile may bt* (‘.xti’ndcd hori/tadally 
on either sid(^ of the vertical snp|MirtK io a distance e(pial to the 
maximum height of the pile. Thus, it the pile is lit) ft. high, it 
can by this means be ex\nded sd as to consist of three separate 
long piles parallel lo each other 
and having their centres KD ft. 
apart. If the angh^ of n'piise is 
taken a.s 40°, the total width of 
Ijie three piles will be 1111 ft . .ipd 
as the space bi'tween them lan 
bo filled up level with the lop 
of each pile the total amount ol 
material prc.sent will hi’ alM>ul 2,' 

•times as much as if a .single pile 
had been formed by tlu^ same con 
veyorwith fixed vertical u|)righls. 

The only difficulty with this ar¬ 
rangement is the |)rovi.sion of a 
structure to which to attach tlr' 
horizontal guy-ropes which !i#e 
needed when the supf)ort.s ari' in 
a steeply fliolinetl position. . 

An alternative method is to provide a movijile transwerse 
belt below the main conveyor (Fig. 150), and to use tliis to extend 
the width of the pile. ' 

It is sometimes desirable to have retaining wallsl on githor 
side of the tip so as to prevent the material spreading too far. 





Vti STOIAGE Blka 

Storage in open piles is moVe ooxs^O.in tips (^ftBtry {ban aiu? 
other method, but it is not«reaIly econoilycal if th« pil% material 
4ias later to be loaded by. hand into wagorfs. If is far better to 
store as much as possible of the ma^rid in 6ins, so as to avoid 
the cost of rehandling. In additidh, tho bins keep it clean; this 
is especially importdht in <thfi case’of purer sands such as those 
used for glass-making.^ In America, bins are^u{^d,far more than 
in this country. , ’ ^ ‘ b 

Reloading.—Various m^hdds are used for reloading the sanA 
or crushed stone* The use of labourers with shovels is the mist 
common, but if there is a large amount of material ih the pile'* 
it will usually be cheaper to employ a mechanical loadm| device. 
One of the simplest of these consists in running a bucket loader, 
such as is described on p. 308, up to the pile and loading direct 
into trucks; or if the rail does not run sufficiently near to the tip, 
tho bucket loader may discharge on top a belr conveyor which 
conveys tin; material to the truelw, or to the plant for reerushing 
or scri'ening. ' * • * 

Grabs, or any other suitable meth(Kis of loading (see^.Jhapter VII.), 
may also t)e used, diffenuit* conditions necessitating different 
raiithods of working. 

Another useful method of reloading consists in having a trench 
covered with stout planks beneath the tip. Wagons may be run 
along tho trench and filled from the pile above as in the case of 
a simple hopper. The disadvantage of such an arrangcunent is 
that the cost of trenching is often as.^reat as tho construction 
of a bin of sufficient size. The top of the t rench should be sufficiently 
strong to support the .great weight of material piled above ^ it. 
Such a trench may be built of any convenient size, though if 
railway trucks are to be usixl it should be at least 15 ft. wide 
and about 16 ft. lugh. It is often,.convenient to arrange the raijg 
so ns to have a sligfrt slop<!, which aids in passing the trucks through 
tho tunnel, or 8f)me mechanical haulage device may be provide. 
If desired.^a^.olf^onveyor may be run through the tunnel instead 
of cars. 'u» such cas(w„.the trench nec<l only be about 7 ft. square. 
A further disadvantage of such a trench or tunnel is that the whole" 
of 'the material cannot be loaded through it, as the lower portion 
of the pile will not slide into the ‘trench. Other means must, 
therefore, be employed for recovering that portion of the pile, 
or it may be left so as to provide permanent slopes down which 
the upper part of the freshly tipped, sand may slide into the tilnnel. 

Storage bins of wood, brickwork* or concrete are’used for holding 
a .comparative^ small amoimt of material. In most cases, the 
capacity of the bins is only about ^wo or three days’ supply on 
account of the great expense involved in their construction; the 
ren^inder of tho stock on hand is usually stored in open piles 
as described previously. * 

Storage bins usually consist of square, rectangular, or round 
bins, supported on columns, or by other suitable means, and having 



HAUUmi-OR BACyiNQI^ANDS «» 

a conicM or pyramid^ hopjier at the bottom down which 

tRe maternal pas^ to an futlet in the base. Other oxitlets in 
the' sides of th^ bins a^ieVonvonient for loading carts. The outlet* 
should be closed by suitable “ gates *" or .shdes, which should 
be .easily operated and ,vet*8kiuld 1 m' quite tight when closed. 
Some ‘Agates ” are difficult <to use satisfactorily because they 
4av8 b^n dcsimwl for gravel, or otber coarse nmlCrial, and not 
slute'^ith rackwork ^nd .1 


for sand. A ^lia 


- _ - . ..tjifiiion. if kept pro))orly 

lubricated, is usually tne most satisfniRon' " gate " for sand bins. 
The bins may be ofcinv convi-nient height, th^igb an excessive 
height wilt unebily increase the cost of construction, as the bins 
must iKfcdesigncd to withstand the pressure of tlu* sand in them. 
A bin 16 ft. .stpiarc and 48 ft. high from the hottoin of the hop|.K>r 
to*the top of the bin will hold nearly 4(K) tons of sand, assuming 
that the sand weighs appro.ximately 1(0 lb. per (n. ft. This is 
about the inaxinHftn coji^nient size of bins. cs|)ecially when the 
cost of construction is takl-n into consideration. Much shallower 
bins are. fiftcn u.sc<l, another ^cry convenient size being about 
18 ft. squari! and ,30 ft. high ;^uch bins have a ea|>aeity of nearly 
270 tons. , 

The sides of the hop|K-r should slope at an angle of alxiut 
60 degrees with the horizontal so that the sand will readily slitle 
down the aides. Too small a s1o|H' will cause clogging of the sand 
in the hopper, and trouble is then certain to result. 

Ample s|)a(* should be left beneath the hop|H‘r so that full- 
sized railway trucks ma\» be run* undcnieath, tlie rails lameath 
the bins forming a siding from which the trucks can be run on to 


the main line. • , 

•The bins should lU'cferably be covered over with a |HTmnnent 
roof so as to protect the material from the weather. In some 
cases, the whole of the ]>lant is erectcil over (he bins, and so serves 
aS a roof. » 

The details of design and eonstnietion of the bins are prchrably 
left to a firm .skilled in such work, as an accident • 'suiting from 
defects due to amateur work might be di.sa8trous.‘ > 

> The material is conveyed to the bins by different means accord¬ 
ing to the respective locations of the bins and machinery. WIfeii 
the bins are Hblow the machinery, the material may bo carried 
from the latter by means of chutes; w hilst if the machinery is Ixdow 
the level of the top of the bins, the sand must Ite raised by meaiyi 
of elevators and afterwards (Msrharged into the bins. Where 
several bins are to be filled wit)^ the, same materiiil it may be dis- 
tributed by means of screw or belt conveyors. Grabs (p. 2^) 
are also used for filling the bins and, if necessary, forlifting mateflal 
from Ohe bins and loading iAto wagons. In this wjay a bin can 
be emptied from the bottom and top at the same time. I 

.Bagging or Sacking. —The purest sands, such as thosfe useel 
for glass manufacture', are sometimes packed in sacks fon^rammort. 
The sacks may be filled either by hand or by an automatic machine. 
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The former is preferable for^mal^^antities, hit^wben mucn 
material is put into sacks or.bags a m^hVie is nest. • * 

Automatic sack-fillers jl’ig. 161) usually coniiA of* a balance 
to one arm of which .is attached the (Sid of a *nbe through which 
the sand passes from the bin or hofiper, weights being attached 
to the other arm. The sack ijt fastened to the end of the djpchargij 
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tube and is filltsd by opening a tpalve in the tube from the bin. 
When the weights and the sack balance each other, the valve is 
auwmatically dosed and the sack removcsl and tied.* In some 
forms of bagging machine, the discharge tube is in the form of 
an inverted Y and with balances ; one sack is filled by the sand 
passinpi down one branch of the Y, and the other is filled by reversing 
the feed valve. In this way, the sacks can be filled more quickly 
than‘with a plain feeding tube. 




^ fi and ma^be 0bliTered to the oostomer by 

’anoue means: Mr shisrtjPaistances. motor lorries (p. 34Q) are 
nobably Ate Heat; longer distances railways (p. M2) or Vater 
arriage (p. 342) isne^sai.^. * * - 

The lorries, trucks, bargdi, etc., which may be used for convey- 
ng loqFe sand should be deaaed cajefiiUy before being filled vKth 
ihe«material, and should preferably kept for conveying sand 
utd nothing else^iStherwiso the saafl isj^ble to bo contaminated 
by foreign matter, wit* results wliicb Hfa^in some cases, be serious. 
Where the sand is canped in bags, this jtrecaution u not so imjiortant, 
though eweu then clean trucks, etc., are preferable' to dirty ones. 

Foremost purposes, the sand may be desjtab'hed in ordinary 
open trucks, wagons, or barges, as if is not ailect eei by weather, but 
covered conveyances should bo used for siK-cially pure sands, such 
as those used for glass manufacture, etc. 
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